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DESCRIPTION 



ACTIVE MATRIX TYPE DISPLAY APPARATUS, 
METHOD FOR DRIVING THE SAME. AND DISPLAY ELEMENT 

TV^nViniral Field 

The present invention relates to an active matrix type display 
apparatus using a switching element such as a thin fflm transistor, a method 
for driving the same, and a display element. 

T^^r^VErrmmd Art, 

A display apparatus, for e:xample, a Uquid crystal display apparatus 
widely is used for various kinds of electronic equipment as a thin and light- 
weight flat display. In particular, an active matrix type hquid crystal display 
apparatus using a switching element such as a thin fihn transistor (TFT) 
actively is being applied to a monitor display for a personal computer, a liquid 
crystal TV, and the like due to its excellent image characteristics. 

First, thdybasic configuration of an active matrix type display 
apparatus wiU be described with reference to Figure 3. The display 
apparatus roughly SsMmposed of a scanning signal driving circuit 21, a video 
signal driving circuit 21^ and a display element 23. The display element 
includes, as its main co^onents, a pluraUty of pixel electrodes 5 disposed in a 
matrix, a plurality of switWg elements 3 (generaUy, a thin film transistor 
(TFT) or the like is used) afr^ged corresponding to the pixel electrodes 5, and 
a plurality of scanning electro^sl^s 1 disposed in a Une direction (horizontal 
direction) and a pluraHty of viddo signal electrodes 2 arranged in a column 
direction (vertical direction) corresponding to the matrix arrangement of the 
pixel electrodes. The video signalWctrodes 2 are connected electricaUy to 
the pixel electrodes 5 via the switching elements 3. Furthermore, a counter 
electrode 20 is provided so as to opposeShe pixel electrodes 5, and a display 
medium such as hquid crystal is inserted^tween the pixel electrodes 5 and 
the counter electrodes 4. Furthermore, el^odes called common electrodes 
4 are provided in parafiel with the scanning electrodes 1, and storage 
capacitors 7 are provided between the common\^ctrodes 4 and the pixel 
electrodes 5. The video signal driving drcviit 22Vpphes a video signal to a 
pluraHty of video signal electrodes 2 of the display dement 23. Furthermore, 
the scanning signal driving circuit 2 1 supphes a scanimig signal for 



controlling coni^ction of the switching elements 3 to a plurality of scanning 
electrodes 1 of tn^display element 23. 

JP 5(1993)- 143021 discloses a method for driving an active matrix 
t5^e liquid crystal display apparatus. According to this method, wiring 
called common electrodes is provided in parallel with scanning electrodes 
(gate electrodes or gate lines), storage capacitors are formed between the 
common electrodes and the pixel electrodes, the potential of the common 
electrodes is varied in synchronization with that of the scanning electrodes, 
and a superimposed voltage is appUed to the potential of the pixel electrodes 
by capad-tive couphng through the storage capacitors. Because of the effect 
of the superimposition of a voltage, a decrease in a video signal voltage (source 
voltage), a reduction in driving power, enhancement of response speed and 
driving reUabihty, and the like are achieved. 

Figure 14 is an equivalent circuit diagram of one pixel of a Hquid 
crystal display apparatus in which a storage capacitance C^t (C^t is a common 
electrode-pixel electrode capacitance in more general terms) is formed 
between a common electrode and a pixel electrode. Figure 15 is a diagram 
illustrating the potential of each portion in the case where the hquid crystal 
display apparatus 1 is driven. In Figure 14, TFT represents a thin film 
transistor, Cg^ represents a gate-drain capacitance (scanning electrode-pixel 
electrode capacitance), Ci^. represents a pixel electrode-coimter electrode 
capacitance (which is a capacitance mainly from Hquid crystal; however, there 
also is a capacitance component generated by electrical addition in series or in 
parallel from the other medium. Alternatively, such a capacitance may be 
applied intentionally) formed between a pixel electrode and a counter 
electrode provided so as to oppose the pixel electrode with liquid crystal 
interposed therebetween, Vg(n) represents the potential of a scanning 
electrode, represents the potential of a video signal, represents the 
potential of a pixel electrode, represents the potential of a counter electrode, 
and Vc(n) represents the potential of a common electrode. The pixels are 
arranged in a matrix, and and are provided with a su£&x "n" since the n- 
th pixel is paid attention to. 

A plurahty of scanning electrodes, pixel electrodes, and the like are 
arranged in a matrix. For a strict definition, based on a scanning electrode, a 
pixel generally, there are a plurahty of such pixels) whose ON/OFF (of a TFT) 
is controlled by the scanning electrode may be referred to as "a pixel belonging 
to the scanning electrode". In contrast, based on a pixel (or a pixel electrode). 



a scanning electrode that controls ON/OFF of a TFT of the pixel may be 
referred to as "a scanning electrode of the stage concerned". The pixel 
electrode (Vj) in Figure 14 refers to "a pixel electrode belonging to the 
scanning electrode (Vg(n)), and the scanning electrode (Vg(n)) refers to "a 
scanning electrode of the stage concerned with respect to the pixel (Vj). 
Hereinafter, unless otherwise spedfied, the term "pixel (electrode)" or 
"scanning electrode" simply will be used. 

There also are a plurahty of common electrodes. Therefore, in the 
case of strictly specifying a common electrode, the expression "common 
electrode that is the other connection destination of storage capacitance 
connected to a pixel electrode" or the hke will be used. The common electrode 
(Vc(n)) in Figure 14 refers to "a common electrode that is the other connection 
destination of storage capacitance connected to the pixel electrode (VJ". 
However, this also will be simply referred to as "a common electrode". 

As shown in Figure 15, in an odd-numbered frame, a video signal 
voltage takes a negative value based on (i.e., V3ig(-)). When the potential 
of a scanning electrode becomes an ON level (first potential level of a 
scanning electrode) Vg^n, a TFT is brought into conduction (ON state), and the 
potential of a pixel is charged to V^^i-). At this time, the potential of a 
common electrode has a value Vc(-) (second potential level of a common 
electrode). Then, under the condition that Vg(n) is at an OFF level (second 
potential level of the scanning electrode) Vg^ff, the TFT is brought out of 
conduction (OFF state). Thereafter, when the potential of the common 
electrode is changed in a downward direction i.e., from V^(-) to (third 
potential level of the common electrode), the pixel potential is 
superimposed with a coupling voltage proportional to the voltage difference in 
a downward direction (arrow in Figure 15). 

In an even -numbered frame, a video signal voltage takes a positive 
value based on (i.e., V3ig(+)). When a pixel is charged to Vsig(+), the 
potential of the common electrode is set at Vc(+) (first potential level of the 
common electrode). After discharging is completed and the potential of the 
scanning electrode falls, the potential of the common electrode is changed 
from Ve(+) to Vooff in an upward direction. The pixel potential is 
superimposed with a coupling voltage proportional to the voltage difference in 
an upward direction. 

Consequently, while a voltage with a smaU amphtude (Vsig(+) and 
(-)) is appUed to a video signal electrode, a pixel electrode can be supphed 



with a voltage with a larger amplitude (V,<,(+) and V,„(-))- For example, by 
using an IC for a video signal of an output voltage range of 5 V. a voltage range 
appUed to liquid crystal can be increased to 10 V or 15 V. Thus, while usmg 
an IC with a low withstand voltage, the Uquid crystal can be driven with a 
5 voltage equal to or higher than the withstand voltage. 

A period during which the potential of the common electrode becomes 
V (+) or V,(-) will be referred to as a common electrode compensating period, 
a^d the voltage V„(±) will be referred to as a common electrode compensating 
voltage (compensating potential). Although it is desirable that V,(+) is 
10 different from may be the same voltage as either V,(+) or V/-). 

Furthermore, the potential of the common electrode is not always reqmred to 
be either V,(+) or V„(-) while the potential of the scanning electrode is Y^„. 
The potential of the common electrode should be at this value at least when 
I the scanning electrode falls from to V^, (more spedficaUy, when a TFT is 

^ 15 changed from an ON state to an OFF state). 

5 The scanning signal driving circuit has two output levels, and the 

1 common electrode potential control circuit has three output levels. More 

W specifically, the scanning signal driving circuit has a first potential level V^„ 

Q and a second potential level V^^, and the common electrode potential control 

m 20 circuit has a first potential level VJ+X a second potential level V,(-), and a 
^ third potential level V^. In general, three power sources are required of the 

Q common electarode potential driving circuit so as to correspond to the above- 

W mentioned three potential levels. However, if either one of the first potential 

level V,(+) or the second potential level V,(-) is made equal to the third 
25 potenti'al level V^^, only two power sources are enough. Even in tiie case 
where either of the compensating potentials is equal to V^, tiie potential 
levels are considered to be different, so that three potential levels are 

considered to be present. 

It is simply that tiie above-mentioned superimposition of a voltage is 

30 conservation of charge on a pixel electa:ode from a different point of view 

More specifically, during a period from a time immediately before chargmg of 
a pixel is completed and tiie potential of a scanning electiode falls (tiie 
potential of tiie scanning electarode is V, J to a time when tiie common 
electarode compensating period is completed, charge of tiie pixel electrode is 

35 stored. Therefore, in each of tiie odd-numbered frame and tiie even- 
numbered frame, the foUowing (Formula 11) is obtained. 
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(v.^(-) - v.n) + C3,(v.^(-) - Vc(-)) (V.^(-) - Vd) 

= C^(Va.(-) - V,.) + a, (V,„(-) - V^^ + Qo (Vao(-) - Va) 

C^CVs^W - J + C,,(V.^(+) - VX+)) + C,.(V.,,(4-) - Va) 
= C,(V.(.) - v.^ . c.(v.(.) -v.^ ^ c. (V.(.) - Va) ^^^^^ 

The foUowing (Formulae 12) are obtained by modifying Formula 11. 

Vao(-) = V,i,(-) - a,tAVe(-) - <VAV^„ 
Va.(+)=V^(+)-a,,AV,(+)-a,aAV^„ 

(Formula 12) 

AV^,, AVX+), AV,(-), and o^a, "st are represented by the foUowing 
(Formxda 13) and (Formula 14). 

AVg„„ = Vgon - Vgoff 
AV,(+)=V,(+)-Veoff 

AVe(-)=VX-)-V^ 



(Formvda 13) 



otga - Cga/Ctot 

Ctot = Cga+Cic+C,, 



(Formula 14) 



In both (Formulae 12), the second term of the right side corresponds to 
a superimposed portion by a (capacitive) couphng voltage from the common 
electrode, andis determined by AV,(H-) or AV.(-). AV.(4-) or AV.(-) is a value of 
a potential (in this case, V.(+) or ¥„(-)). at a moment when a pixel is charged 
of a common electrode to which storage capacitance is connected, based on the 
potential (in this case, in a retained state. The third term of the nght 
side of (Formulae 12) is a (capacitive) couphng voltage from a scannmg 
electrode, and is caUed a feedthrough. C,. in (Formula 14) can be considered 
as the total capacitance electrically connected to the pixel electrode. 

As described with reference to Figure 15, the pixel electrode is charged 
with a signal voltage with its polarity inverted per frame. At this time, it 
may be possible that the entire screen is set at the same polarity, and the 



polarity is inverted per frame (field inversion system). In addition, there are 
a system of inverting the polarity per hne (Une inversion system), a system of 
inverting the polarity per column (column inversion system), and a system ot 
inverting the polarity in a checkered pattern by combining the line mversion 
5 and the column inversion (dot inversion system). Acharging pattern of a 
pixel by each system is drawn as in Figures 16A. 16B. 16C. and 16D. Voltage 
waveforms applied to video signal electrodes Vsp and Vsq adjacent to each 
other can be drawn as shown on the ri^t side of each figure. 

In the case of the field inversion and the column inversion, the 
10 polarity of a video signal appHed to a video signal electrode in one frame is 
constant However, in the case of the hne inversion and the dot mversion, 
the polarity of a video signal is inverted every time each scanning electrode is 
selected. Furthermore, in the case of the field inversion and the Une 
2 inversion, the polarity is the same between the adjacent video signal 

i 15 electrodes. However, in the case of the column inversion and the dot 
I inversion, the polarity becomes opposite between tiie adjacent video signal 

m electrodes. In the case of the column inversion and the dot inversion, the 

W video signal driving circuit has a fimction of simultaneously applymg two 

g kinds (i.e.. positive polarity and negative polarity) of video signals havmg 

m 20 different polarities to a plurality of video signal electrodes. ^ ^ 
^ Among the respective systems, S. Tomita et al. (Journal of the SID, 1/2 

O (1993) PP 211-218) describe in detail that horizontal crosstalk is likely to 

W occur in the field inversion and tiie hne inversion. Hereinafter, this wiU be 

summarized. 

25 In the field inversion and the hne inversion, when a scanmng 

electrode is selected to charge pixel electrodes, all the pixel electax,des are 
charged witii the same polarity. More spedfically. tiie potential of pixel 
electrodes in the corresponding hne changes from a negative voltage to a 
positive voltage in the case of the even-numbered field, and the potential of 
30 pixel electiodes in the corresponding hne changes from a positive voltage to a 
negative voltage in the case of the odd-numbered field. Then, the potential of 
a counter electrode fluctiiates via the capacitance (hquid crystal capacitance 
also is included) between the pixel electrodes and the counter electrode (smce 
the counter electa:ode has a finite sheet resistance, even if the potential is fixed 
35 at the end of a screen, the potential shghtly fluctiiates in the screen), tiie 

potential charged to the pixel also fluctuates due to the influence; as a result, 
crosstalk may occur. This also may be considered to occur since appearmg 
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on both sides of (Formula 11) due to the fluctuations in the potenti^ of a 
common electrode become different values between the left side and the right 
side, and the retention potential V,„(±) of the pixel electrode does not become a 
value represented by (Formula 12). 
5 In contrast, in the case of the column inversion and the dot mversion 

when scanning electrodes in a hne are selected to charge pixels, the polarity of 
charging is opposite between adjacent pixels. Therefore, the fluctiiations in 
the potential of the common electa:odes via the pixel electrode-common 
electrode capacitance cancel each other, whereby the above-mentioned 
10 crosstalk does not occur. 
V . For thfe above-mentioned reasons, it is desirable to adopt the column 

inversion or the dot inversion. 
M However in a Hquid crystal display apparatus that changes the 

i potential of a common electrode by the driving method as described in Figure 

% 15 15 with the circuit configuration in Figure 3, the foUowing becomes apparent: 
I as a screen size increases, flickering and a brightiiess gradient (bnghtiiess 

m inconsistency) occur conspicuously. 

W Furthermore, when a screen size increases, the potential of a counter 

n electrode for writing a video signal fluctixates largely, and horizontal crosstalk 

m 20 becomes conspicuous. Therefore, it is required to adopt the column inversion 
rl or the dot inversion that is a driving system advantageous to horizontal 

O crosstalk. However, in the case of adopting the driving metiiod of Figure 15 

m with the circuit configuration of Figure 3, by contaroUing the potential of a 

common electarode at a moment when a scanning electa:ode is selected, a 
25 predetermined superimposed voltage with the same polarity as that of a video 
signal is apphed to aU the pixels belonging to tiiis hne to obtain the effect of an 
increased ampHtiide of the retention potential of pixel electrodes. Therefore. 

in tiie case of the driving system in which a video signal with positive and 
negative polarities is apphed while a scanning electarode is selected as m l^e 

30 column inversion and the dot inversion, tlie effect of an increased amphtiide of 
the retention potential of a pixel electarode cannot be obtamed (more 
specifically, the voltage of a video signal driving circuit IC cannot be lowered). 
More spedficaUy. the problems in the prior art he in that a video display 
apparatiis capable of lowering the voltage of the video signal driving circuit IC 

35 and reducing horizontal crosstalk cannot be achieved. 
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T)isrlosur P Tnvpntion 

The present invention has been achieved in view of the above- 
mentioned problems, and its object is to provide a display apparatus capable 
of reducing flickering and a brightness gradient, and lowering the voltage of a 
video signal driving circuit IC and reducing horizontal crosstalk, a method for 
driving the same, and a display element. 

In order to achieve the above-mentioned object, a first display 
apparatus of the present invention includes: a plurality of pixel electrodes 
arranged in a matrix; switching elements connected thereto; scanning 
electrodes; video signal electrodes; common electrodes; a counter electrode; a 
display medium interposed between the pixel electrodes and the counter 
electrode; and storage capacitance formed between the pixel electrodes and 
the common electrodes, 

wherein, in a case where a scanning electrode - pixel electrode 
capacitance between the pixel electrodes and the scanning electrodes is 
represented by C^, a common electrode - pixel electrode capacitance between 
the pixel electrodes and the common electrodes is represented by C,t, and a 
total capacitance connected electrically to the pixel electrodes is represented 
by Ctot, 

Ogd and otst represented by 

(V = C^/C.u a, = C./C,, (Formula 1) 

are set to be different values between a portion dose to feeding ends in a 
screen and a portion away therefrom. 

It is preferable that the first display apparatus includes a video signal 
driving circuit for applying two kinds of video sisals having different 
polarities to video signal electrodes in accordance with a display period. 

Furthermore, it is preferable that the first display apparatus includes 
a common electrode potential control circuit for applying a voltage signal to a 
plurality of common electrodes and a scanning signal driving circuit for 
applying a voltage signal to a plurality of scanning electrodes, the common 
electrode potential control circuit has output potential levels of at least two 
values, and the scanning signal driving circuit has output potential levels of at 
least two values. 

It is preferable that a potential of a scanning electrode becomes a first 
potential level V^„ when the scanning electarode is selected and becomes 
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substantially a second potential level Vg^fr during a retention period in which 
the scaaning electrode is not selected, 

a potential of a common electrode that is a connection destination of 
storage capacitance connected to pixel electrodes of a plurality of pixels 
5 belonging to the scanning electrode becomes a first potential level Vc(+) in a 
case where a polarity of a video signal is positive and a second potential level 
Ve(-) in a case where the polarity of the video signal is negative, when the 
scanning electrode is selected, and 

in a case where a difference between the first potential level Vc(+) of 
10 the common electrode and a potential during a subsequent retention period is 
represented by AV^(+), and a difference between the second potential level 
Vc(-) of the common electrode and a potential during a subsequent retention 
^ period is represented by AYX~)> 

g Y represented by 

«P 15 

5° Y = a,tV<^/2 (Formula 2) 

m (where V^, = AVe(+) - AVe(-) (Formula 3)) 

3 

p is set to be smaller in the portion away from the feeding ends in the screen, 

20 compared with the portion dose thereto. 

In this case, it is preferable that, assuming that a value of y in the 
O portion dose to the feeding ends in the screen is y(0), a value of y in the 

* ^ portion away from the feeding ends in the screen is y(E), and a value of y in a 

portion in a middle therebetween in terms of a distance is y(M), y(M) is smaller 
25 than[y(0)+y(E)]/2. 

Furthermore, it is preferable that V^p takes a negative value. 
In the first display apparatus, it is preferable that a potential of a 
scanning electrode becomes a first potential level Vg^^ when the scanning 
electrode is selected and becomes substantially a second potential level V^q 
30 during a retention period in which the scanning electrode is not sdected, 

a potential of a common electrode that is a connection destination of 
storage capadtance connected to pixel dectrodes of a plurahty of pixds 
belonging to the scanning dectrode becomes a first potential levd Vc(+) in a 
case where a polarity of a video signal is positive and a second potential levd 
35 Vc(-) in a case where the polarity of the video signal is negative, when the 
scanning electrode is selected, and 

in a case where a difference between the first potential level Vc(+) of 
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the common electrode and a potential during a subsequent retention period is 
represented by AVX+), and a difference between the second potential level 
V/-) of the common electrode and a potential during a subsequent retention 
period is represented by AVe(-), 
[3 represented by 

P=cv-Ha.(AVJAV,J 

(where AV,„ = V,„-V^, AV^ = [AV.Cf) + AVe(-)l/2 (Formulas)) 

I is set to be larger in the portion away from the feeding ends in the screen, 
compared with the portion dose thereto. 

In this case, it is preferable that, assuming that a value of p in tiie 
portion dose to the feeding ends in the screen is p(0), a value of p in the 
portion away from the feeding ends in the screen is P(E), and a value of P m a 

5 portion in a middle therebetween in terms of a distance is P(M), P(M) is larger 

than [p(0) + p(E)]/2. 

Furthermore, it is preferable that AV,, is negative. 
In the first display apparatiis, it is preferable that a potential of a 
scanning electrode becomes a first potential levd V^„ when the scanning 
20 electrode is selected and becomes substantiaUy a second potential level V^.^ 
during a retention period in whidi the scanning electirode is not selected, 

a potential of a common electa-ode that is a connection destination of 
storage capadtance connected to pixel electrodes of a pluraUty of pixels 
bdonging to the scanning electrode becomes a first potential level V,(+) m a 
25 case where a polarity of a video signal is positive and a second potential level 
V,(-) in a case where the polarity of the video signal is negative, when the 
scanning electrode is selected, 

in a case where a difference between the first potential level ¥„(+) ot 
the common electrode and a potential during a subsequent retention period is 
30 represented by AV.(+), and a difference between the second potential level 
V,(-) of the common electrode and a potential during a subsequent retention 
period is represented by Ay,(-), 
Y represented by 

Tr ,o (Formula 2) 

(where V, = AV.(+) - AV.(-) (Formula 3)) 
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is set to be smaller in the portion away from the feeding ends in the screen, 
compared with the portion dose thereto, and 
P represented by 

5 |3=agd + a,t(AVJAVg,J (Formula 4) 

(where AV^„=V,,„-V^, AV^ = [AVe(+) + AVe(-)]/2 (Formulas)) 

is set to be larger in the portion away from the feeding ends in the screen, 
compared with the portion close thereto. 
10 In order to achieve the above-mentioned object, a second display 

apparatus of the present invention includes: a plurality of pixel electrodes 
arranged in a matrix; switching elements connected thereto; scanning 
^ electrodes; video signal electrodes; common electrodes; a covmter electrode; a 

□ display medium interposed between the pixel electrodes and the counter 

=t 15 electrode; and storage capacitance formed between the pixel electrodes and 

either of the common electrodes, a plurahty of the common electrodes that are 
P connection destinations of the storage capacitance being connected to the pixel 

^ electrodes of a plurahty of pixels belonging to one of the scanning electrodes, 

O wherein, in a case where a scanning electrode - pixel electrode 

20 capacitance between the pixel electrodes and the scanning electrodes is 
yj represented by C^, a common electrode - pixel electrode capacitance between 

Q the pixel electrodes and the common electrodes is represented by C^t, and a 

nJ 

total capacitance connected electrically to the pixel electrodes is represented 
by Ctot, 

25 ttgd and a^t represented by 

= Cgd/Ctot, a,t = C,t/Ctot (Formula 1) 

are set to be different values between a portion dose to feeding ends in a 
30 screen and a portion away therefirom. 

It is preferable that the second display apparatus indudes a video 
signal driving circmt for simultaneously applying two kinds of video signals 
having different polarities to a plurality of video signal electrodes, and 
applying two kinds of video signals having different polarities to each of the 
35 video signal electrodes in accordance with a display period. 

Furthermore, it is preferable that the second display apparatus 
includes a first common electrode that is a connection destination of storage 
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capacitance connected to pixel electrodes of pixels belonging to a video signal 
electrode to which a video signal with a first polarity is applied among a 
plurality of pixels belonging to one of the scanning electrodes, and a second 
common electrode that is different from the first common electrode and is a 
connection destination of the storage capacitance connected to the pixel 
electrodes of the pixels belonging to the video signal electrode to which the 
video signal with a second polarity is applied. 

Furthermore, it is preferable that the second display apparatus 
includes a common electrode potential control circuit for applsdng a voltage 
signal to a plurality of common electrodes and a scanning signal driving 
circuit for appl5dng a voltage signal to a plurality of scanning electrodes, the 
common electrode potential control circuit has output potential levels of at 
least two values, and the scanning signal driving circuit has output potential 
levels of at least two values. 

Furthermore, it is preferable that a potential of a scanning electrode 
becomes a first potential level Vg^n when the scanning electrode is selected and 
becomes substantially a second potential level Vg^ during a retention period 
in which the scanning electrode is not selected, 

among common electrodes that are connection destinations of storage 
capacitance connected to pixel electrodes of a plurality of pixels belonging to 
the scanning electrode, 

a potential of the first common electrode becomes a first potential level 
Vc(+) in a case where a polarity of a video signal applied to a video signal 
electrode corresponding to the first common electrode is positive and a second 
potential level V^,(-) in a case where the polarity of the video signal is negative, 
when the scanning electrode is selected, 

a potential of the second common electrode becomes a fixst potential 
level Vc(+) in a case where the polarity of the video signal applied to the video 
signal electrode corresponding to the second common electrode is positive and 
a second potential level VJr) ^ a case where the polarity of the video signal is 
negative, when the scanning electrode is selected, and 

in a case where a difference between the first potential level Vc(+) of 
the common electrode and a potential during a subsequent retention period is 
represented by AVe(+), and a difference between the second potential level 
Yj(r) of the common electrode and a potential during a subsequent retention 
period is represented by AVc(-), 

Y represented by 
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Y = a3tV^/2 (Formula 2) 

(where = AVe(+) - AVe(-) (Formula 3)) 

5 is set to be smaller in the portion away from the feeding ends in the screen, 
compared with the portion close thereto. 

In this case, it is preferable that, assuming that a value of y in the 
portion dose to the feeding ends in the screen is yiO), a value of y in the 
portion away from the feeding ends in the screen is y(E), and a value of y in a 
10 portion in a middle therebetween in terms of a distance is y(M), y(M) is smaller 
than [y(0) + y(E)]/2. 

Furthermore, it is preferable that V^, is negative. 
^ In the second display apparatus, it is preferable that a potential of a 

I— i 

p scanning electrode becomes a first potential level Vg^^ when the scanning 

=P 15 electrode is selected and becomes substantially a second potential level Vg^ff 

h.Tl 

^ during a retention period in which the scanning electrode is not selected, 

W among common electrodes that are connection destinations of storage 

^ capacitance connected to pixel electrodes of a plurality of pixels belonging to 

3 

Q the scanning electrodes, 

fy 20 a potential of the first common electrode becomes a first potential level 

y Vc(+) in a case where a polarity of a video signal appHed to a video signal 

0 electrode corresponding to the first common electrode is positive and a second 

potential level VJr) hi a case where the polarity of the video signal is negative, 
when the scanning electrode is selected, 
25 a potential of the second common electrode becomes a fixst potential 

level Vc(+) in a case where the polarity of the video signal apphed to the video 
signal electrode corresponding to the second common electrode is positive and 
a second potential level V^-) in a case where the polarity of the video signal is 
negative, when the scanning electrode is selected, and 
30 in a case where a difference between the first potential level Vc(+) of 

the common electrode and a potential during a subsequent retention period is 
represented by AVe(+), and a difference between the second potential level 
VX-) of the common electrode and a potential during a subsequent retention 
period is represented by AVc(-), 
35 P represented by 

P = + a^t (AV JAVg, J (Formula 4) 
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(where AV^„ = V^„-V^,ff, AV,, = [AVe(+) + AVe(-)]/2 (Formulas)) 

is set to be larger in the portion away from the feeding ends in the screen, 
compared with the portion dose thereto. 
5 In this case, it is preferable that, assuming that a value of |3 in the 

portion dose to the feeding ends in the screen is P(0), a value of P in the 
portion away from the feeding ends in the screen is PCE), and a value of (3 in a 
portion in a middle therebetween in terms of a distance is p(M), p(M) is larger 
than [p(0) + p(E)]/2, 
10 Furthermore, it is preferable that AV^c is negative. 

In the second display apparatus, it is preferable that a potential of a 
scanning electrode becomes a first potential level Vg^^ when the scanning 
electrode is selected and becomes substantially a second potential level Vg^ff 
O during a retention period in which the scanning electrode is not selected, 

J 15 among common electrodes that are connection destinations of storage 

1^ capadtance connected to pixel electrodes of a plurality of pixels belonging to 

the scanning electrodes, 

a potential of the first common electrode becomes a first potential level 
O Vc(+) in a case where a polarity of a video signal applied to a video signal 

20 electrode corresponding to the first common dectrode is positive and a second 
m potential level Vc(-) in a case where the polarity of the video signal is negative, 

when the scanning electrode is selected, 

a potential of the second common electrode becomes a first potential 
level Vc(+) in a case where the polarity of the video signal appHed to the video 
25 signal electrode corresponding to the second common electrode is positive and 
a second potential level VX-) i^ ^ case where the polarity of the video signal is 
negative, when the scanning electrode is selected, 

in a case where a difference between the first potential level Vc(+) of 
the common electrode and a potential during a subsequent retention period is 
30 represented by AVe(+), and a difference between the second potential levd 
Vc(-) of the common electrode and a potential during a subsequent retention 
period is represented by AVc(-), 
Y represented by 

35 Y = a,tV,p/2 (Formula 2) 

(where = AV,(+) - AVe(-) (Formula 3)) 



14 



is set to be smaller in the portion away from the feeding ends in the screen, 
compared with the portion close thereto, and 
P represented by 

5 p=agd + a3t(AV^AVg,J (Formula 4) 

(where AV^„ = V^„-V,.ff, AV«, = [AV,(+) + AV,(-)]/2 (Formulas)) 

is set to be larger in the portion away from the feeding ends in the screen, 
compared with the portion close thereto, 
10 In order to achieve the above-mentioned object, a third display 

apparatus of the present invention includes: a plurahty of pixel electrodes 
arranged in a matrix; switching elements connected thereto; scanning 
electrodes; video signal electrodes; common electrodes; a display medium 
O interposed between the pixel electrodes and the common electrodes; and 

^ 15 storage capacitance formed between electrodes, other than the common 
electrodes opposing the pixel electrodes via the display medium and the 
scanning electrodes of the stage concerned, and the pixel electrodes, 

wherein, in a case where a scanning electrode - pixel electrode 
O capacitance between the pixel electrodes and the scanning electrodes is 

20 represented by C^d, a common electrode - pixel electrode capacitance between 
yj the pixel electrodes and the common electrodes is represented by Cic and a 

p total capacitance connected electrically to the pixel electrodes is represented 

by Ctot, 



25 



ttgd and represented by 

ocgd = Cgd/Ctot, aic = Ci^Ctot (Formula 6) 



are set to be different values between a portion close to feeding ends in a 

screen and a portion away therefrom. 
30 It is preferable that the third display apparatus includes a video 

signal driving circuit for applying two kinds of video signals having different 

polarities to video signal electrodes in accordance with a display period. 

Furthermore, it is preferable that the third display apparatus includes 

a common electrode potential control circuit for appljong a voltage signal to a 
35 plurality of common electrodes and a scanning signal driving circuit for 

appljdng a voltage signal to a plurahty of scanning electrodes, the common 

electrode potential control circuit has output potential levels of at least two 



15 



values, and the acaxming signal driving circuit has output potential leveU of at 

least two values. ^ *i i ^i? « 

In the third display apparatus, it is preferable that a potential of a 
scanning electrode becomes a first potential level V,„ when the scannmg 
5 electrode is selected and becomes substantiaUy a second potential evel 
during a retention period in which the scamiing electrode is not sel«:ted 

a potential of a common electrode that opposes pixel electrodes of a 
plurality of pixels belonging to the scanning electrode via the display medium 
becomesafirstpotentiallevelVe(+)inacasewhereapolarityofa^.deosl^^^^^ 

10 is positive and a second potential level V.(-) in a case where the polarity of the 
video signal is negative, when the scanning electrode is selected, and 

in a case where a difference between the first potential level of 
the common electrode and a potential during a subsequent retention period is 
i represented by AV.(H-), and a difference between the second potential levd 

V (-) of the common electrode and a potential during a subsequent retention 



t 15 

j| period is represented by AV.O, 

^' Y represented by 



_ (Formula?) 

O ^~ . AV^^ (Formulas)) 

rU 20 (where V^ = AV,(+)-AVe(-) 



is set to be smaller in tiie portion away fix,m the feeding ends in the screen. 
S compared with the portion close thereto. ^ 

In tiiis case, it is preferable that, assuming that a value of y m tiie 
25 portion dose to the feeding ends in the screen is y(0), a value of y m the 

portion away from the feeding ends in the screen is y(E). and a value of y in a 
rortioninamiddletherebetweenintermsofadistanceisyC^ 

than [y(0) + y(E)]/2. 

Furthermore, it is preferable that is negative. 

30 In the third display apparatiis. it is preferable that a potential of a 

scamiing electrode becomes a first potential level when the scanmng 
electrode is selected and becomes substantially a second potential evel 
during a retention period in which the scanning electiode is not sel^ted 

a potential of a common electirode that opposes pixel electrodes of a 

35 pluraHty of pixels belonging to the scanning electrodes via the display medium 
becomes a first potential level V.(+) in a case where a polarity of a video signa^ 
is positive and a second potential level V.(-) in a case where the polanty of the 
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video signal is negative, when the scanning electrode is selected, and 

in a case where a difference between the first potential level Vc(+) of 
the common electrode and a potential during a subsequent retention period is 
represented by AVe(+), and a difference between the second potential level 
5 Ve(-) of the common electrode and a potential during a subsequent retention 
period is represented by AVe(-), 
P represented by 

P = a^a + (AVJAV, J (Formula 9) 

10 (where AVg,„=V^„-V^, AV^, = [AV,(+) + AVe(-)]/2 (Formula 10)) 

is set to be larger in the portion away from the feeding ends in the screen, 
^ compared with the portion close thereto. 

g In this case, it is preferable that, assuming that a value of P in the 

^ 15 portion dose to the feeding ends in the screen is p(0), a value of p in the 

portion away from the feeding ends in the screen is P(E), and a value of p in a 
^ portion iii a middle therebetween in terms of a distance is p(M), p(M) is larger 

^ than [p(0) + p(E)]/2. 

B Furthermore, it is preferable that AV^^ is negative. 

W 20 In the third display apparatus, it is preferable that a potential of a 

ijf scanning electrode becomes a first potential level Vg^n when the scanning 

O electrode is selected and becomes substantially a second potential level Vg^ff 

during a retention period in which the scanning electrode is not selected, 

a potential of a common electrode that opposes pixel electrodes of a 
25 plurahty of pixels belonging to the scanning electrode via the display medium 
becomes a first potential level Vc(+) in a case where a polarity of a video signal 
is positive and a second potential level VX-) ^ ^ case where the polarity of the 
video signal is negative, when the scanning electrode is selected, 

in a case where a difference between the first potential level Vc(+) of 
30 the common electrode and a potential during a subsequent retention period is 
represented by AVc(+), and a difference between the second potential level 
V,,(-) of the common electrode and a potential during a subsequent retention 
period is represented by Ay,(-), 
y represented by 



nj 



35 



Y = aieVep/2 (Formula 7) 

(where = AVe(+) - AY^-) (Formula 8)) 



17 



is set to be smaller in the portion away from the feeding ends in the screen, 
compared with the portion close thereto, and 
P represented by 

p = + ai, (AV JAVg, J (Formula 9) 

(where AV^„ = V,,„ - V^.^, AV^ = [AVe(+) + AVe(-)]/2 (Formula 10)) 

is set to be larger in the portion away from the feeding ends in the screen, 
compared with the portion close thereto. 

In order to achieve the above-mentioned object, the fourth display 
apparatus of the present invention includes: a plurality of pixel electrodes 
arranged in a matrix; switching elements connected thereto; scanning 
electrodes; video signal electrodes; common electrodes; a display medium 
interposed between the pixel electrodes and the common electrodes; and 
storage capacitance formed between electrodes, other than the common 
electrodes opposing the pixel electrodes via the display medium and the 
scanning electrodes of the stage concerned, and the pixel electrodes, a 
plurality of the common electrodes opposing the pixel electrodes of a plurality 
of pixels belonging to one of the scanning electrodes via the display medium, 

whereia, in a case where a scanning electrode - pixel electrode 
capacitance between the pixel electrodes and the scanning electrodes is 
represented by C^a, a common electrode - pixel electrode capacitance between 
the pixel electrodes and the common electrodes is represented by C^^, and a 
total capacitance connected electrically to the pixel electrodes is represented 
by C^t, 

ttgd and represented by 

= Cga/Ctot, ai, = Ci,/Ctot (Formula 6) 

are set to be different values between a portion close to feeding ends in a 
screen and a portion away therefrom. 

It is preferable that the fourth display apparatus includes a video 
signal driving circuit for simultaneously applying two kinds of video signals 
having different polarities to a plurahty of video signal electrodes, and 
applying two kinds of video signals having different polarities to each of the 
video signal electrodes in accordance with a display period. 
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Furthermore, it is preferable that the fourth display apparatus 
includes a first common electrode that opposes, via the display medium, pixel 
electrodes of pixels belonging to a video signal electrode to which a video 
signal with a first polarity is apphed among a plurality of pixels bdongmg to 
5 one of the scanning electrodes, and a second common electrode that is 

different from the first common electrode and opposes, via the display medium, 
the pixel electrodes of the pixels belonging to the video signal electrode to 
which the video signal with a second polarity is apphed. 

Furthermore, it is preferable that the fourth display apparatus 
10 includes a common electrode potential control circuit for applying a voltage 
signal to a plurality of common electrodes and a scanning signal driving 
circuit for applying a voltage signal to a plurahty of scanning electrodes and 
the common electrode potential control circuit has output potential levels of at 
least two values, and the scanning signal driving circuit has output potential 
15 levels of at least two values. 

In the fourth display apparatus, it is preferable that a potential of a 
scanning electrode becomes a first potential level when the scanning 
electrode is selected and becomes substantially a second potential level 
during a retention period in which the scanning electrode is not selected, 
20 among common electrodes opposing pixel electrodes of a plurahty of 

pixels belonging to the scanning electrode via a display medium, 

a potential of the first common electrode becomes a first potential level 
V (+) in a case where a polarity of a video signal apphed to a video signal 
electrode corresponding to the first common electrode is positive and a second 
25 potential level V.(-) in a case where the polarity of the video signal is negative. 

when the scanning electrode is selected, 

a potential of the second common dectirode becomes a first potential 

level V (+) in a case where a polarity of the video signal applied to the video 
signal dectrode corresponding to the second common electi:ode is positive and 
30 a second potential level V.(-) in a case where the polarity of the video signal is 
negative, when the scanning electrode is selected, and 

in a case where a difference between the first potential level V,(+) of 
the common electrode and a potential during a subsequent retention period is 
represented by AV.(+), and a difference between the second potential level 
35 V.(-) of the common electrode and a potential during a subsequent retention 
period is represented by AV<,(-), 
Y represented by 
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(Formiila 7) 

T = a..V,/2 (Formulas)) 
(where V, = AV,(+) - AV,(-) 

is set to be smaller in the portion away from the feeding ends in the screen. 

compared with the portion dose thereto. 

m this case, it is preferable that, assuming that a value of , m the 

portion dose to the feeding ends in the screen is r(0). a value of v m the 
portion away from a>e feeding ends in the screen is v(E>, and a v^e rfr m a 
portion in a middle therebetween in terms of a distance is yW. T<M) .s smaller 

than[-rtO) + 7(E)]/2. 

Furthermore, it is preferable that V,^ IS negative. 

In the fourth display apparatus, it is preferable that a potent^l of a 
scanning electrode becomes a first potential level when the scannmg 

d^trod! is selected and becomes substantially a second potential evd V^ 
"a retention period in whidi the scannhig electrode is not sdect«d^ 

among common electrodes opposing pixel electrodes of a plurahty of 
Dixels belonging to the scanning electrode via a display me^um, 

apoSlL of .he first common electrode becomesafirstpotentid level 

V (+) in a case where a polariiy of a video signal appUed to a video ^al 
dlttode corresponding to the first common electrode is positive ^mdasecond 

X^Lel V.(-) in a case where .he polaiity of the video signal . negai^ve, 
when the scanning electrode is selected, t.„H„i 
a potential of the second common electrode becomes a first potential 
level V « in a case where a polarity of the video signal appUed to 
ignal dectrode corresponding to the secondcommon doct-de - posi^ve ^d 

r!econd potential level V.H in- a case where the polarity of the video signal is 

negative, when the scanning electrode is selected, and 

in a case where a difference between the first potential level V.(+) of 

the common electrode and a potential during a subsequent retention period is 

^;resentedby AV.(.), and a difference between the 

V.(-) of the common electrode and a potential during a subsequent retention 

period is represented by AV^C-) , 
P represented by 

^ /A^r /AV ^ (Formula 9) 

^r.ttC't. -« = l--<^>-V.Hl« (^ormulalO), 
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is set to be larger in the portion away from the feeding ends in U.e screen, 
compared with the portion close thereto. fa™rt,o 
In this case, it is preferable that, assuming that a value of p m the 
5 portion close to the feeding ends in the screen is P(0). a value P - 

Lrtion away from the feeding ends in the screen is P(E), and a value of P m a 
po^on L a middle a^erebetween in terms of a distance is p(M). p<M) « larger 

thanlPCO)*?®]^. 

Furthermore, it is preferable that AV„ IS negative. 

10 In the fourth display apparatus, it is preferable that a potential of a 

scanning electrode becomes a first potential level V,. when the scanmng 
electrode is selected and becomes substantially a second potentoal evel 
h during a retention period in which the scanmng electrode .s not sele.^ 

P among common electrodes opposing pixel electrodes of a plurality of 

% 11 oixels belonging to the scanning electrode vU a display medium, 

t """"^ aXntialofaiefirstcommonelectrodebecomesafirstpot^nfra^level 

g V « in a case where a polarity of a video signal appUed to a video J-^^ 

S decLde corresponding to the first common electrode is pos.Uve =md a second 

□ pln.iallevdV.(-)in acasewherea.epolarityotU.evideos.gnal,snegaUve, 

15 20 when the scanning electrode is selected, 

H a potential of die second common electrode becomes a first potential 

S levelVWinacasewhereapolarityofthevideosignalapphedtothevrdeo 

' ^ iirode corresponding to .he second common electrode . P-<^ve 

a ^ond potential level V.(-) in a case where the polarity of the vrdeo signal is 
25 negative, when the scanning electrode is selected 

in a case where a difference between flie first potential level V.(+) of 

the conimon electrode and a potential during a subse,uent retention p«iod is 
represented by AV.W, and a difference between the second P<"«»^^^^ 
V.(-) of the common electrode and a potential during a subsequent retention 
30 period is represented by AVe(-), 

Y represented by 

formula 7) 

Y = a,eV/2 (Formulas)) 
(where = AV,(+) - AV,(-) 

is set to be smaller in the portion away from the feeding ends in the screen, 
compared with the portion close thereto, and 
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P represented by 

P = + a, (AV JAV^^ (Form^^^ 9) 

(where AV^„ = V^„-V,„,. AV„ = [AVe(+) + AV.(-)]/2 (Formula 10)) 

is set to be larger in the portion away from the feeding ends in the screen, 
compared with the portion dose thereto. 

In the first and second display apparatuses, the display medium is 

Uquid crystal. 

In this case, the first and second display apparatuses have a 
configuration forming a parallel plate capacitance in which a hquid crystal 
layer is interposed between the pixel electrodes and the counter electrode. 

In the third and fourth display apparatuses, the display medium is 
hquid crystal. 

; In this case, the common electrodes are formed on the same substrate 

as that of the pixel electrodes, and the Uquid crystal is operated by an electric 
field parallel to the substrate. 

In the first to forth display apparatuses, it is preferable that at least 
one of the capacitances forming C^, includes a capacitance formed by two 
3 conductive layers or semiconductor layers sandwiching an insulating layer 
therebetween, and an overlapping area of the two conductive layers or 
semiconductor layers is made different between the portion close to the 
feeding ends in the screen and the portion away therefirom, whereby a,t or ai^, 
and a,a are allowed to have different values between the portion dose to the 
5 feeding ends in the screen and the portion away therefrom. 

In order to achieve the above-mentioned object, a first method for 
driving a display apparatus of the present invention is a method for driving 
the first or second display apparatiis, wherein after a potential is written to 
the pixd electrodes via the switching elements, a voltage is superimposed via 
30 and has a value different between the portion dose to the feeding ends in 
the screen and the portion away therefrom. 

In the first driving method, it is preferable that, when a scanning 
electirode is selected, a first potential level V,(+) is apphed to common 
elecfa:odes that are connection destinations of storage capacitance connected to 
35 pixd dectrodes of a plurahty of pixds bdonging to the scanning electrode in a 
case where a pdarity of a video signal is positive, and a second potential levd 
Ve(-) is apphed thereto in a case where a polarity of the video signal is 
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In order to achieve the above-mentioned object, a second method for 
driving a display apparatus of the present invention is a method for driving a 
third or fourth display apparatus, wherein after a potential is written to the 
pixel electrodes via the switching elements, a voltage is superimposed via C.^ 
and has a value different between the portion dose to the feeding ends in the 
screen and the portion away therefrom. 

In the second driving method, it is preferable that, when a scanning 
electrode is selected, a first potential level V,(+) is applied to common 
electrodes opposing pixel electrodes of a plurality of pixels belongmg to the 
scanning electrode via a display medium in a case where a polarity of a video 
signal is positive, and a second potential level V.(-) is applied thereto m a case 
where a polarity of the video signal is negative. 

In order to achieve the above-mentioned object, a fifth display 
apparatus of the present invention conducts a display by controlling a voltage 
appHed to a display medium with a potential of pixel electrodes and applymg 
voltages with both positive and negative polarities to the display medium, 
wherein a capacitive coupling voltage is superimposed on the pixel 
electrodes firom electrodes other than pixel electrodes, and a distribution of 
the capacitive coupling voltage is made different in a display region between a 
case where a positive voltage is applied to the display medium and a case 
where a negative voltage is apphed thereto. 

In the fifth display apparatus, the electrodes other than the pixel 
electrodes are common electrodes. 

In order to achieve the above-mentioned object, a sixth display 
apparatus of the present invention includes: a plurality of pixel electrodes 
arranged in a matrix; switching dements connected thereto; scanning 

electrodes, video signal electrodes; common electrodes; a counter electrode; a 
display medium interposed between the pixel electrodes and the counter 
electrodes; and storage capadtance formed between the pixd electrodes and 

the common dectrodes, 

wherein a capadtive coupling voltage firom the scanning electrode, 
and a capadtive coupling voltage from the common electrode are aUowed to 
have a distribution in a screen, whereby flidcering and a brightness gradient 
are corrected simultaneously. 

In order to achieve the above-mentioned object, a seventh display 
apparatus of the present invention indudes: a plurality of pixd electrodes 



23 



arranged in a matrix; switching elements connected thereto; scanning 
electrodes, video signal electrodes; common electrodes; a display medium 
interposed between the pixel electrodes and the common electrodes; and 
storage capacitance formed between electrodes, other than the common 
electrodes opposing the pixel electrodes via the display medium and the 
scanning electrodes of the stage concerned, and the pixel electrodes, 

wherein a capadtive coupling voltage from the scanning electrode, 
and a capadtive coupling voltage from the common electrode are allowed to 
have a distribution in a screen, whereby flickering and a brightness gradient 
are corrected simtdtaneously. 

In order to achieve the above-mentioned object, an eighth display 
apparatus of the present invention indudes: a plurality of pixel electrodes 
arranged in a matrix; switching elements connected thereto; scanning 
electrodes, video signal electrodes; common electrodes; a counter electrode; a 
display medium interposed between the pixel electrodes and the counter 
electrode; and storage capadtance formed between the pixel electrodes and 
either of the common electrodes, 

wherein a plurality of the common electrodes that are connection 
destinations of the storage capadtance are connected to the pixel electrodes of 
a plurality of pixels belonging to one of the scanning electrodes. 

In order to achieve the above-mentioned object, a ninth display 
apparatus of the present invention, indudes: a plurahty of pixel electrodes 
arranged in a matrix; switching elements connected thereto; scanning 
electrodes, video signal electrodes; common electrodes; and a display medium 
interposed between the pixel electrodes and the common electrodes, 

wherein a plurahty of the common electrodes oppose the pixel 
electrodes of a pluraUty of pixels belonging to one of the scanning electrodes 

via the display medium. 

In order to achieve the above-mentioned object, a first display element 
of the present invention indudes: a plurality of pixel electrodes arranged in a 
matrix; switching elements connected thereto; scanning electrodes; video 
signal electrodes; common electrodes; a counter electrode; a display medium 
interposed between the pixel electarodes and the counter electrode; and storage 
capadtance formed between the pixd electrodes and the common electarodes, 

wherein, in a case where a scanning electrode - pixel electrode 
capadtance between the pixel electrodes and the scanning electrodes is 
represented by C^, a common electrode - pixel electrode capadtance between 
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the pixel electrodes and the common electrodes is represented by Cgt, and a 
total capacitance connected electrically to the pixel electrodes is represented 
by Ctot, 

and a^t represented by 
a^ = Cga/Cto„ a,, = C3t/Ctot (Formula 1) 

are set to be different values between a portion dose to feeding ends in a 
screen and a portion away therefrom. 

In order to achieve the above-mentioned object, a second display 
element of the present invention includes: a plurality of pixel electrodes 
arranged in a matrix; switching elements connected thereto; scanning 
electrodes; video signal electrodes; common electrodes; a counter electrode; a 
display medium interposed between the pixel electrodes and the counter 
electrode; and storage capacitance formed between the pixel electrodes and 
either of the common electrodes, a plmrahty of the common electrodes that are 
connection destinations of the storage capacitance being connected to the pixel 
electrodes of a plurahty of pixels belonging to one of the scanning electrodes, 

wherein, in a case where a scanning electrode - pixel electrode 
capacitance between the pixel electrodes and the scanning electrodes is 
represented by Cg^, a common electrode - pixel electrode capacitance between 
the pixel electrodes and the common electrodes is represented by 0^^ and a 
total capacitance connected electrically to the pixel electrodes is represented 
by Ctot, 

and a^t represented by 
tXgd = Cgd/Ctot, oist = CJC^, (Formula 1) 

are set to be different values between a portion close to feeding ends in a 
screen and a portion away therefrom. 

In order to achieve the above-mentioned object, a third display 
element of the present invention includes: a plurality of pixel electrodes 
arranged in a matrix; switching elements connected thereto; scanning 
electrodes; video signal electrodes; common electrodes; a display medium 
interposed between the pixel electrodes and the common electrodes; and 
storage capacitance formed between electrodes, other than the common 
electrodes opposing the pixel electrodes via the display medium and the 
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scanning electrodes of the stage concerned, and the pixel electrodes, 

wherein, in a case where a scanning electrode - pixel electrode 
capacitance between the pixel electrodes and the scanning electrodes is 
represented by C^, a common electrode - pixel electrode capacitance between 
the pixel electrodes and the common electrodes is represented by Ci^ and a 
total capacitance connected electrically to the pixel electrodes is represented 
by Ctot, 

otgd and represented by 

a^ = VCtot, ai, = CiyCtot (Formulae) 

are set to be different values between a portion close to feeding ends in a 
screen and a portion away therefrom. 

In order to achieve the above-mentioned object, a fourth display 
element of the present invention includes: a plurality of pixel electrodes 
arranged in a matrix; switching elements connected thereto; scanning 
electrodes; video signal electrodes; common electrodes; a display medium 
interposed between the pixel electrodes and the common electrodes; and 
storage capacitance formed between electrodes, other than the common 
electrodes opposing the pixel electrodes via the display medium and the 
scanning electrodes of the stage concerned, and the pixel electrodes, a 
plurality of the common electrodes opposing the pixel electrodes of a pluraUty 
of pixels belonging to one of the scanning electrodes via the display medium, 

wherein, in a case where a scanning electrode - pixel electrode 
capacitance between the pixel electrodes and the scanning electrodes is 
represented by C^a, a common electrode - pixel electrode capacitance between 
the pixel electrodes and the common electrodes is represented by Ci^, and a 
total capacitance connected electrically to the pixel electrodes is represented 
by Ctot, 

a^d and a^^ represented by 

a^d = Cgd/Ct„t, OL,, = CJC^, (Formulae) 

are set to be different values between a portion close to feeding ends in a 
screen and a portion away therefrom. 

In order to achieve the above-mentioned object, a tenth display 
apparatus of the present invention includes: a plurality of pixel electrodes 
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arranged in a matrix; switching elements connected thereto; scanning 
electrodes; video signal electrodes; common electrodes; a comiter electrode; a 
display medium interposed between the pixel electrodes and the counter 
electrodes; and storage capacitance formed between the pixel electrodes and 
the common electrodes, the scanning electrodes being supplied with a power 
only from one side of a display region, a potential of the common electrodes 
being fixed at least on a side opposite to the side where the scanning 
electrodes are supplied with a power in the display region, 

wherein, in a case where a scanning electrode - pixel electrode 
capacitance between the pixel electrodes and the scanning electrodes is 
represented by C^^, a common electrode - pixel electrode capacitance between 
the pixel electrodes and the common electrodes is represented by C^t, and a 
total capacitance connected electrically to the pixel electrodes is represented 
by Ctot, 

when a value of oc^a represented by 

a^d = Cgd/Ctot (Formula 101) 

in a portion furthest from feeding ends of the scanning electrodes in a display 
region is otgd(F), there is a position where the value of becomes larger than 
otgd(F) between the portion furthest from the feeding ends of the scanning 
electrodes in the display region and a portion closest thereto. 

In order to achieve the above-mentioned object, an eleventh display 
apparatus of the present invention includes: a plurality of pixel electrodes 
arranged in a matrix; switching elements connected thereto; scanning 
electrodes; video signal electrodes; common electrodes; a display medium 
interposed between the pixel electrodes and the common electrodes; and 
storage capacitance formed between electrodes, other than the common 
electrodes opposing the pixel electrodes via the display medium and the 
scanning electrodes of the stage concerned, and the pixel electrodes, the 
scanning electrodes being suppUed with a power only from one side of a 
display region, a potential of the common electrodes being fixed at least on a 
side opposite to the side where the scanning electrodes are suppHed with a 
power in the display region, 

wherein, in a case where a scanning electrode - pixel electrode 
capacitance between the pixel electrodes and the scanning electrodes is 
represented by Cgd, a common electrode - pixel electrode capacitance between 
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the pixel electrodes and the common electrodes is represented by Ci^, and a 
total capacitance connected electrically to the pixel electrodes is represented 
by Ctot, 

when a value of ct^ represented by 

a^a = Cgd/Ctot (Formula 10 1) 

in a portion furthest from feeding ends of the scanning electrodes in a display 
region is a^aCF), there is a position where the value of becomes larger than 
a^d(F) between the portion furthest from the feeding ends of the scanning 
electrodes in the display region and a portion closest thereto. 

In the first to fourth display apparatuses, it is preferable that a 
common electrode potential is different between a retention period after the 
pixel electrodes are charged with a positive video signal and a retention period 
after the pixel electrodes are charged with a negative video signal. 

Furthermore, in the first to fourth display apparatuses, it is 
preferable that the scanning signal driving drcuit conducts writing to a 
plurality of lines simultaneously. 

In this case, the display medium is Uquid crystal of an OCB mode. 

Furthermore, in the first to fourth display apparatuses, it is 
preferable that the scanning signal driving circuit and the common electrode 
potential control circuit are formed on the same substrate as that of the 
switching elements. 

Furthermore, in the first to fourth display apparatuses, it is 
preferable that the display medium is composed of a medium whose optical 
state is controlled with a current and auxUiary switching elements. 

In this case, the medium whose optical state is controlled with a 
current is an organic electroluminescence medium. 

According to the above-mentioned configuration, flickering or a 
brightness gradient can be reduced substantially in an active matrix type 
liquid crystal display apparatus. Furthermore, the above-mentioned 
configuration enables a pixel configuration of a dot inversion/column inversion 
type to be adopted, which suppresses horizontal crosstalk. 

Thus, the driving voltage/power consumption of a large liquid crystal 
display apparatus with high resolution is reduced to substantially enhance 
xmiformity, so that an industrial value is very high. 



28 



Brief Description of Drawings 

Figure 1 shows plan views of a pixel layout of a display apparatus of a 
first embodiment according to the present invention. 

Figure 2 is a cross-sectional view taken along a line A- A' in Figure 1. 

Figure 3 is a circuit configuration diagram of the display apparatus of 
the first embodiment according to the present invention. 

Figure 4 shows plan views of a pixel layout of a display apparatus of a 
second embodiment according to the present invention. 

Figure 5 is a circuit configuration diagram of the display apparatus of 
the second embodiment according to the present invention. 

Figure 6 A is a waveform diagram of an odd- numbered frame, 
illustrating a method of driving the display apparatus of the second 
embodiment according to the present invention by dot inversion driving. 

Figure 6B is a waveform diagram of an even-numbered frame, 
illustrating a method of driving the display apparatus of the second 
embodiment according to the present invention by dot inversion driving. 

Figure 7Ais a waveform diagram of an odd-numbered frame, 
illustrating a method of driving the display apparatus of the second 
embodiment according to the present invention by colunm inversion driving. 

Figure 7B is a waveform diagram of an even-munbered firame, 
illustrating a method of driving the display apparatus of the second 
embodiment according to the present invention by column inversion driving. 

Figure 8 is a circuit diagram of one pixel of a display apparatus of a 
fourth embodiment according to the present invention. 

Figure 9 shows plan views of a pixel layout of the display apparatus of 
the fourth embodiment according to the present invention. 

Figure 10 is a cross-sectional view taken along a Une A- A' in Figure 9. 

Figure 11 is a circuit configuration diagram of the display apparatus 
of the fourth embodiment according to the present invention. 

Figure 12 shows plan views of a pixel layout of a display apparatus of 
a fifth embodiment according to the present invention. 

Figure 13 is a circuit configuration diagram of the display apparatus 
of the fifth embodiment according to the present invention. 

Figure 14 is a cixcmt diagram of one pixel of a display apparatus of the 
prior art and that of the first embodiment according to the present invention. 

Figure 15 is a waveform diagram illustrating a method for driving a 
display apparatus of the prior art and that of the first embodiment according 
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to the present invention. 

Figure 16A shows a polarity pattern of pixels and a scanning signal 
waveform in a field inversion system. 

Figure 16B shows a polarity pattern of pixels and a scanning signal 
waveform in a hne inversion system. 

Figure 16C shows a polarity pattern of pixels and a scanning signal 
waveform in a column inversion system. 

Figure 16D shows a polarity pattern of pixels and a scanning signal 
waveform in a dot inversion system. 

Figure 17 is a waveform diagram illustrating that a recharge voltage 
is different between portions dose to feeding ends and a portion away 
therefrom. 

Figure 18 is a view illustrating the relationship of the magnitude of a 
recharge voltage. 

Figure 19A shows an example of a method for providing a distribution 
of p in a screen. 

Figure 19B shows an example of a method for providing a distribution 
of p in a screen. 

Figure 19C shows an example of a method for providing a distribution 
of p in a screen. 

Figure 19D shows an example of a method for providing a distribution 
of p in a screen. 

Figure 2 OA shows an example of a method for providing a distribution 
of Y in a screen. 

Figure 20B shows an example of a method for providing a distribution 
of Y in a screen. 

Figure 20G shows an example of a method for providing a distribution 
of Yin a screen. 

Figure 20D shows an example of a method for providing a distribution 
of Y hi a screen. 

Figure 21 is a model circuit diagram for considering the optimum 
distribution of p and y- 

Figure 22 is a circuit diagram of the model circuit in Figure 2 1 on a 
constituent element level. 

Figure 23 is a graph showing changes in a voltage with time at each 
nodal point in the model circuit in Figure 21. 

Figure 24 is a graph showing a distribution of a recharge voltage in a 
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screen obtained by model calculation. 

Figure 25Ais a graph showing another example of a method for 
providing a distribution of p in a screen. 

Figure 25B is a graph showing another example of a method for 
providing a distribution of P in a screen. 

Figure 26Ais a view showing a relationship between an example of a 
method for feeding a scanning electrode and a common electrode and a 
recharge voltage. 

Figure 26B is a view showing a relationship between an example of a 
method for feeding a scanning electrode and a common electrode and a 
recharge voltage. 

Figure 26C is a view showing a relationship between an example of a 
method for feeding a scanning electrode and a common electrode and a 
recharge voltage. 

Figure 26D is a view showing a relationship between an example of a 
method for feeding a scanning electrode and a common electrode and a 
recharge voltage. 

Figure 26E is a view showing a relationship between an example of a 
method for feeding a scanning electrode and a common electrode and a 
recharge voltage. 

Figure 26E' is a view showing a relationship between an example of a 
method for feeding a scanning electrode and a common electrode and a 
recharge voltage. 

Figure 27 is a circuit diagram of one pixel in another example of a 
display apparatus of the present invention. 

Figure 28Ais a waveform diagram of an odd-numbered frame, 
illustrating a method for driving a display apparatus of another embodiment 
according to the present invention. 

Figure 28B is a waveform diagram of an even-numbered frame, 
illustrating a method for driving a display apparatus of another embodiment 
according to the present invention. 

Figure 29Ais a waveform diagram of an odd-numbered frame, 
iLLustrating another method for driving a display apparatus of another 
embodiment according to the present invention. 

Figure 29B is a waveform diagram of an even-nxmibered frame, 
illustrating another method for driving a display apparatus of another 
embodiment according to the present invention. 
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Figure 30 is a view illustrating a relationship in magnitude of a 
recharge voltage in a p-channel TFT 

Figure 31 is a pixel constituent diagram in the case where the present 
invention is appHed to a display apparatus using an organic 
5 electroluminescence element. 

Figure 32 is a view showing a range of AcXg^ and Ao^t capable of 
reducing a brightness gradient and flickering in the case where Aag^ = 0Cgd(E) - 
ctgd(0) and Aa3t = a,t(E) - a,t(0). 

Figure 33Ais a view showing an optimum distribution of C^t and Cg^ in 
10 a display region obtained by simulation. 

Figure 33B is a view showing an optimum distribution of C^t and Cg^ in 
a display region obtained by simulation. 
1=^ Figure 33C is a view showing an optimum distribution of C^t and Cga in 

p a display region obtained by simulation. 

15 Figure 3 3D is view showing an optimum distribution of and Cg^ in 

a display region obtained by simulation. 

Uf Bfist Modfi for Carrying Out the Invention 

p (Analysis of the problems of the prior art) 

fy 20 Before describing specific examples of the embodiments of the present 

^ invention, as described in the Background Art, the results of analyzing the 

g causes of the first problem in which flickering and a brightness gradient 

ry become conspicuous along with an increase in a screen size will be described. 

Hereinafter, unless otherwise specified, it is assumed that a scanning 
25 signal (driving signal apphed to a scanning electrode) and a common electrode 
control signal are supphed from both sides of a screen. Portions close to 
feeding ends of scanning electrodes (and common electrodes) in a screen, i.e., 
both end portions of a screen, will be referred to as "portions dose to feeding 
ends", and the center of the screen will be referred to as "a portion away from 
30 the feeding ends". 

First, a phenomenon of a recharge that must be considered for 
discussing the problem wHL be described. 

As an example, the case will be considered where a potential is shifted 
from Vgon to Vgoff after a scanning electrode is selected in Figure 15. In the 
35 portions dose to the feeding ends, a voltage is changed rapidly, whereas in the 
portion away from the feeding ends, a waveform is distorted due to a CR time 
constant of the scanning electrode, and the movement of a potential becomes 
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smooth (it is assumed that the movement of the potential of the scanning 
electrode will be completed substantially by the time changes from Vc(±) to 
Vooff). The waveforms of the potential of the scanning electrode in the 
portions dose to the feeding ends and the portion away therefrom are drawn 
5 as represented by in Figure 17. The potential Vj of a pixel electrode is 
substantially equal to a video signal voltage Vsig(+) or Ysi^ir) at a time of 
completion of charging (Figure 17 shows the case of Vsig(+)); however, the 
potential of the pixel electrode fluctuates along with changes in due to 
the capacitive coupling by of the circuit in Figure 14. A change amount 
10 AVa of Va involved in capacitive coupling when changes from to Vg^^ is 
represented by the following Formula (15) irrespective of a distance from the 
feeding ends. 

AV3=-(C^/C,,J(V^„-V^,^ 
15 where C^ot = + + C^t 

(Formula 15) 



W The voltage change amount AV^ will be referred to as a feedthrough. 

p This voltage value is substantially the same value irrespective of the polarity 

nj 20 of a video signal. 

^ A TFT is not turned OFF immediately when the potential of the 

P scanning electrode falls, and the TFT is turned OFF when the potential of the 

fU scanning electrode passes a switching threshold value potential higher than 

the potential of the video signal electrode by a threshold voltage) (the TFT is 
25 turned OFF by the time when the potential of the video signal electrode starts 
shifting toward a scanning period voltage). Thus, a current flows through 
the TFT so as to compensate for the potential difierence between the video 
signal electrode-pixel electrode (source-drain of the TFT) generated due to a 
feedthrough during a finite period (represented by T^ or T^ in Figure 17) from 
30 a time when the scanning electrode potential starts falling to a time when the 
scanning electrode potential passes the switching threshold value. Therefore, 
the absolute value of an actual change amount of the pixel electrode potential 
becomes smaller than | AV^ I . When the voltage difference caused by the flow 
of a current through the TFT is represented by AVt, the change amount of the 
35 pixel electrode potential becomes AV^ + AVb. Figure 17 also shows a state of a 
change in the pixel electrode potential V^. The waveform of becomes 
smoother with increased distance from the feeding ends of the scanning signal 
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driving circuit, and a time reqxiired for the TFT to be turned OFF becomes 
long. Therefore, AV^ is increased with a distance from the feeding ends. A 
current flowing through the TFT will be referred to as a recharge current, and 
a voltage difference AV^ caused by this will be referred to as a recharge 
voltage. 

The above-mentioned switching threshold value becomes dififerent 
between an even-numbered frame (the case where a video signal with a 
positive polarity is charged) and an odd-numbered frame (the case where a 
video signal with a negative polarity is charged). The level of the switching 
threshold value when the potential of the scanning electrode shifts from Vg^^ 
to Vg^ff is drawn with respect to a positive polarity and a negative polarity as 
shown in Figure 18. Based on this, regarding the portions dose to the 
feeding ends and the portion away therefrom, a time required for the TFT to 
be turned OFF, i.e., a period (corresponding to To or Te) for a recharge to be 
generated is represented for each polarity as in a bar graph. The length of a 
bar graph substantially corresponds to the magnitude of a recharge current, 
i.e., the magnitude of a recharge voltage. Therefore, assuming that recharge 
voltages in the case of a positive polarity and a negative polarity in the 
portions dose to the feeding ends are represented by AVt (O, +) and AVt(0), 
and recharge voltages in the case of a positive polarity and a negative polarity 
in the portion away from the feeding ends are represented by AVb(E, +) and 
AVb(E), it is understood that there is the following (Formula 16) relationship. 

AV,(0,+)<AV,(E,+) 
AV,(0)<AVb(E) 

AV,(0, +) - AV,(0) > AVb(E, +) - AV,(E) 

(Formula 16) 

For the purpose of reference, although the falling waveform of the 
potential of the scaiming electrode is set to be the same between the even- 
numbered j&rame and the odd-numbered frame for simplicity, the falling 
waveform may not necessarily be the same. In particular, considering 
nonlinearity (a source-drain capacitance or a gate-drain capadtance when the 
TFT is in an ON state becomes larger than that when the TFT is in an OFF 
state), an apparent capacitance becomes larger when the video signal has a 
negative polarity Thus, the CR time constant of the falling of the potential of 
the scanning electrode becomes large, and falling may become slow. However, 
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even in such a case, the relationship of (Formula 16) still holds. 

Next, the relationship between flickering and a brightness gradient, 
and a recharge voltage wiU be described mathematically. Values YjJP, +), 
Vdo(0), and V^oCE, +), VjoCE) of the retention potential of the pixel electrode in 
the portions close to and the portion away from the feeding ends can be 
represented by (Formula 17) with the above-mentioned eflfect of a rechai^e 
added to (Formula 12). 

Vao(0. +) = V,^(+) - a,AVX+) - a^AV^„+AV,(0, +) 
Vdo(O) = V,i,(-) - a^,AYX-) - a^AV^„ + AV^(0) 
Vao(E, +) = V,i^(+) - a,,AV,(+) - a^AV^„ + AVb(E, +) 
Vd„(E) = V,i,(-) - a,,AV,(-) - a^AV^„ + AY^(E) 

(Formida 17) 

When the DC average level Vdc(0) and Va^CE) of the potential of the 
pixel electrode in the portions dose to and the portion away from the feeding 
ends and the effective value of a voltage appHed to hquid crystal V^O) and 
Vrf^) are calculated in (Formula 17), (Formula 18) is obtained. 

Va.(0) = \y^(0, +) + Va„(0)]/2 = [V,i,(+) + V,^(-)]/2 - a,,AV„ - a^AV^„ + 
[AVb(0,+) + AVb(0)]/2 

Ve«(0) = [Va<.(0. +) - Vao(0)]/2 = [V3i,(+) - V,^(-)]/2 - a,,V,/2 + (AV,(0, +) 
-AVi.(0)]/2 

Va,(E) = [Va<,(E, +) + Vao(E)]/2 = [y^^(+) + V^^(-)]/2 - a^AY^ - a^A^„+ 
[AVt(E, +) + AV,(E)]/2 

Ve«(E) = [Vao(E, +) - Vao(E)]/2 = [Y^(+) - Y,^(-)]/2 - a,,YJ2 + [AVb(E, +) 
-AVb(E)]/2 

(Formula 18) 

AV„ and Vq, are given by the following (Formula 19). 



AV„ = [AV,(+) + AVe(-)]/2 

= [Vc(+) + V„(-)]/2 - V„„ 
V^ = AVe(+)-AV,(-) 
= Ve(+) - V.(-) 

(Formula 19) 
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The DC average level V,.(0) and Va.(E) given by the tot and third 
formulae of (Formula 18) represent voltage values *»^f 
More spedficall. if .he potential of the counter electrode . r^-^^^f^ 
voltage values represented by the first and thirdformulae of (Formula 18) a 
5 ameTverage valL of a voltage applied to Uquid crystal hecom^ 0^ whereby 
m«iseliminated. However, because of (Formula X8) and (Formula 16), 

relationship represented by the following (Formula 20) is obt^ed and 
^eDC averagelevelhas different values in a screen (the DC average level rs 
^ger in the portion away ftom the feeding ends than in the portions dose 
10 ttlto). -n,erefore,itisimpossibletoehminateflickeringsnnultaneously 

across the entire screen. 

V.(E) - V.(0) = ,.V.(E, .) . .V.(E),/2 - IAV.(0, .) . » > 



o 
p 

=P 15 
HI 



On the other hand, given by the second and fourth formulae <rf 
(Formula 17) corresponds to an effective value of a voltage apphed to h<pnd 
crystal and the hquid crystal exhibits a brightness (transmittance 
r^ondingtotheeffectivevalue. However.becauseof (Formula 18 and 
g 20 Wa 16) the relaUonship represented by the following ^ormula 21) IS 
K rZed,and,hee£fectivevalueotavoltageappUedtoU,vndcrystalalsohas 
W a distribution (gradient) (the effective value is smaller in the portion away 

I from the feeding ends than in the portions dose thereto) across a screen. 

V^) - V^O) = t.V.(E, .) - .V.(E),/2 - [AV,0, .) - A^™^< 0^^ 

The reasons tor the occurrence of flickering and a brightiiess gradi«.t 
due to the distribution of a rediarge voltage in a screen have been described 

" *°"when a screen size becomes large, the distance from the feeding ends 

of .he portion away herefrom becomes large naturally. Then^ 4e diffe>^ce 

I the above-mentioned rediarge voltage AV, between the portion away from 

the feeding ends and the portions dose diereto becomes large, mcreasmg 

Vi flickering and a brightness gradient. . ~ 

Furthermore, in the case Where the screen Size is large, an u^uen^^ 

hy the fluctuation in the potential of the common electrode is not neghgible. 
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More spedficaUy, when the potential of the scanning electrode ^-^^^^^^ 
V to V , the potential of the pixel electrode decreases due to a feedthrough. 
SWta^eously with this, the potential of the common electrode also 
decreases due to the capadtive coupling between the scanning electrode and 
the common electrode created by and C. in Figure 14. The potential 
decrease is small in the portions dose to the feeding ends of the common 
electrode, whereas it is large in the portion away from the feedmg ends of the 
common electrode. When the potential of the common electrode decreases, 
the potential of the pixel electirode further decreases along therewith. Then, 
compared with the case where it is assumed that the potential of the common 
electrode does not change at all, a larger recharge current flows toward the 
pixel electirode. Thus, the retention potential of the pixel electrode m ^e 
portion away from the feeding ends becomes much larger than tixat m the 
portions dose to tiie feeding ends, which makes the problems sudi as a 
brightiiess gradient and flidtering more conspicuous. 

(Description 1 of the prindple of the present invention: Prindple of a 
reduction in a brightness gradient/flickering) 

The above-mentioned analysis was conducted, and means tor 
ehminating a brightixess gradient and flid^ering was found. This is the 
content of the present invention, and the values of a., and are aUowed to 
have a gradient in a screen. Hereinafter, the prindple tiiereof will be 

described. /^^^^ 
Now, it is assumed tiiat a,, and a,, are not constant m a screen (more 
spedfically. at least one of C^, C^., and C, is not constant). It is assumed that 
a and a a in portions dose to the feeding ends are a,,(0) and a^(0). and a., 
a^d a . ii a portion away from Ihefeeding ends are a.,(E) and a^(E). Herem. 
«0" denotes the portions dose to the feeding ends, and «E» denotes a portion 

away from the feeding ends. 

In tiie case where the portions dose to tiie feeding ends and the 
portion away from tiie feeding ends are charged positively and negatively, 
when Formula 17 is apphed. four formulae (Formula 22) are obtamed. 



37 



VaoiO, +) = V,i^(+) - a,,(0)AV,(+) 

-a^(0)AV,„„ + AVi,(0,+) 
Vao(0, -) = V,i^(-) - MO)AV,(-) 

- cv(0)AV^„ + AV,(0. -) 
Va„(E, +) = V,i,(+) - a,,(E)AV„(+) 

-agd(E)AV^„ + AVb(E,+) 
VaoCE, -) = V^(-) - a,t(E)AV,(-) 

-<V(E)AV^„ + AVb(E,-) 

(Formula 22) 

Herein, for example, the notation of VjoCi, ±)(j = O or E) refers to an 
amoimt during positive charge (+) or negative charge (-) at a position j (j = O 
-» portions dose to the feeding ends, j = E — > portion away from the feeding 
ends). This also appHes to V^jgCl) and AVb(j, ±). 

In the case of the prior art, the value of AV,, varies between the 
portions dose to the feeding ends and the portion away from the feeding ends. 
Therefore, Vjo also varies, which causes flickering and a brightness gradient. 
According to the present invention, by changing the two respective values of 
Ost. and oLgi independently, it is attempted to correct the difference in the value 
of AVb. When DC average levels Vde(0) and Vde(E) and the liquid crystal 
application voltage effective value V^ffCO) and V^aCE) are calculated by 
(Formula 22) ia the same way as in (Formula 17) and (Formxila 18), the 
following CFormida 23) holds. 

Vae(0) = [V,„(0, +) + V,„(0, -)]/2 

= [V,i,(+) + V,i,(-)]/2 - a,,(0)AV^ - a^(0)AV^„ + [AVb(0, +) 
+ AVb(0,-)]/2 
V.rXO) = [Va„(0, +) - Va„(0, -)]/2 

= [V,^(+)-V.i,(-)]/2-a,,(0) 
V^2 + [AVb(0, +) - AVb(0, -)]/2 
Vae(E) = [Vao(E, +) + V^, (E, -)]/2 

= [V,i«(+) + V,^(-)]/2 - ot,,(E)AV„ 

- a^(E)AV^„ + [AVb(E, +) + AV^OE, -)]/2 
Veff(E) = [Vao(E, +) - Va„(E, -)]/2 

= [V.i,(+)-V,^(-)]/2-a,,(E) 
Vep/2 + [AVbCE, +) - AVb(E, -)]/2 

(Formula 23) 
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When the difference AVefr of the hquid crystal application voltage effective 
value at the portions cLose to the feeding ends and the portion away from the 
feeding ends is calcvilated, (Formula 24) holds. 

AV^ = V«^) - V^O) 

. = - K,(E) - a,,(0)]V^/2 + [AV,(E, +) - AV,(E, -) - AV,(0, +) 
+ AVb(0,-)]/2 

= - [y(E) - Y(0)] + [AVtCE, +) - AVb(E, -) - AV^CO, +) + AV,(0, -)]/2 

(Formula 24) 

where y(0) and y(E) are given by the following (Formula 25): 

y(0) = a,,(0)V^/2 
y(E) = a,,(E)V^/2 

(Formula 25) 

When the difiference AVje of the DC average levels is calculated, the following 
(Formula 26) holds. 

AV,, = Vdc(E)-Vdc(0) 

= - [a,,(E) - aH(0)]AV„ - [a^(E) - a^(0)]AV^„ + [AV,(E, +) 

+ AVb(E, -) - AV,(0, +) - AVb(0, -)]/2 
= - [p(E) - P(0)]AV^„ + [AVb(E. +) + AVb(E, -) - AY^(0, +) 
-AV,(0.-)]/2 

(Formula 26) 

where P(0) and P(E) are given by the following (Formula 27): 

P(0) = a^(0) + a3t(0)(AVJAV^^ 
p(E) = (x^(E) + a,,(E)(AVJAV^J 

(Formula 27) 

In order to eliminate a brightness gradient completely, AVe^ = 0 only 
needs to be satisfied in (Formula 24), and the relationship between y(0) and 
y(E) may be selected so as to satisfy the following (Formula 28): 
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Y(E) - y(0) 

= [AVb(E, +) - AV,(E, -) - AV^(0, +) + AV,(0, -)]/2 

(Formula 28) 

According to the third formula of (Formula 16), the right side of 
(Formula 28) is negative, so that the relationship between y(0) and y(E) may 
be as represented by (Formula 29). 

y(0) > y(E) (Formula 29) 
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In order to eliminate flickering completely, AVjc = 0 only needs to be 
satisfied in (Formula 26), and the relationship between P(0) and P(E) only 
M» needs to be selected so as to satisfy the following (Formula 30): 

i 15 [p(E)-p(0)]AV^, 

I = [AVb(E, +) + AV,(E, -) - AV,(0, +) AV,(0, ~)]/2 

^ (Formula 30) 

^ According to the first and second formulae of (Formula 16), the right 

flJ 20 side of (Formula 28) is positive, and AVg^n also is positive. Therefore, the 
^ relationship between P(0) and p(E) only needs to satisfy the following 

Q (Formula 31): 

m 
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p(0) < p(E) (Formula 3 1) 



By selecting y and P conveniently as described above, flickering and a 
brightness gradient can be ehminated. 

In summary, the conditions for ehminating a brightness gradient and 
flickering with an array configuration as shown in Figure 14 can be described 
30 as foUows: 

[1] Necessary conditions for ehminating a brightness gradient: 

The value of y is smaller in the portion away firom the feeding ends in 
a screen, compared with the portions dose thereto. 

[2] Necessary conditions for eliminating flickering] 
35 The value of P is larger in the portion away from the feeding ends in a 

screen, compared with the portions close thereto. 

In the above, suffixes O and E are omitted. 
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It may be possible that only the necessary conditions [1] are satisfied, 
and the necessary conditions [2] are not satisfied. In the case of this 
configuration, although a brightness gradient is elLtninated, flickering is not 
eliminated. As a method for eliminating flickering actively imder these 
conditions, it is considered to correct ahead of time the video signal generated 
in a video signal driving circuit. This means that an excess signal processing 
circuit is added, which increases cost. 

In contrast, it also may be possible that only the necessary conditions 
[2] are satisfied and the necessary conditions [1] are not satisfied. In the case 
of this configuration, although flickering is eliminated, a brightness gradient 
is not eliminated. As a method for eliminating a brightness gradient actively 
under these conditions, it is considered to correct ahead of time a video signal 
generated in a video signal driving signal. This case also means that an 
excess signal processing circuit is added, which increases cost. 

Most desirably, both the necessary conditions [1] and [2] are satisfied. 
In this case, a video of high quahty without flickering and a brightness 
gradient can be obtained without adding an excess signal processing circuit 
for correcting a video signal ahead of time, so that both low cost and high 
quality can be satisfied. 

In the case where P and y (or a^t and are set to be different values 
between the portions dose to the feeding ends and the portion away therefrom, 
it is required to change these values independently. Therefore, it is desirable 
that a^t and o^^are varied by setting at least two of capacitance values C^t, Cg^, 
and (in other words, capacitance values constituting Ctot) contributing to a^t 
and a^d between the portions close to the feeding ends and the portion away 
therefrom. 

Actually, for example, in the case where Cg^ and Ci^ are set to be 
constant, and only C^t is set to have different values between the portions dose 
to the feeding ends (the value of C^t is assumed to be Cst(O)) and the portion 
away therefrom (the value of Cst is assumed to be C^tOE)) to satisfy Cst(0) < 
Cst(E), cxgd(0) > oCgdCE) and a3t(0) < a^t(^) are satisfied according to (Formvda 
14). Under this condition, in the case where < 0 and AV^^ < 0 (it wiU be 
described later as a supplement that these conditions are desirable), y(0) > 
y(E) is obtained from (Formula 25), and P(0) > p(E) is obtained from (Formula 
27). In this case, although (Formula 29) is satisfied, (Formula 31) is not 
satisfied. Thus, although a brightness gradient reduction effect is obtained, 
a flickering reduction effect cannot be obtained. 
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In contrast, in the case of C^tCO) > C^tCE), the relationships y(0) < y(E) 
and P(0) < P(E) are obtained. More specifically, although (Formula 3 1) is 
satisfied, (Formula 29) is not satisfied. Thus, although a flickering reduction 
efiect is obtained, a brightness gradient reduction effect cannot be obtained. 
5 Furthermore, this also applies to, for example, the case where C^t and Cie are 
set to be constant, and only Cg^ is varied. There is no problem when and 
Cgd are set to be constant, and only is varied. 

A more detailed description will be provided regarding the above. 
Now, assuming that Aag^ = cXgd(E) - agd(O), and Aa^t = a^tCE) - ast(O), the range 
10 of Aa^d and Aa^t satisf5ring both (Formula 29) and (Formula 31) can be 

represented by a hatched portion in Figure 32 (assuming the case of Vcp < 0, 
AV^ < 0). In contrast, in the case where C^^ and Ci^ are set to be constant, and 

H only is varied between the portion away from the feeding ends and the 

PI 

portions dose thereto (C^t(P) ^ Cst(E)), Aag^i and Aagt can be represented by 
2 15 (Formula 46). 



W = C^/(C^ + + C,,(E)) - C^/(C^ + Q„ + C.t(0)) 

O = - C^[Cst(E) - a,(0)]/[(C^ + C,e + a,(E))(C^ + + C,,(0))] 

m 20 A(x^ = a,,(E) - a,t(0) 

^ = C3t(E)/(C^ + + C,,(E)) - C,,(0)/(C^ + Ci, + a,(0)) 

S = (C^ + C,J[C,,(E) - C,,(0)]/[(C^ + Ci, + C,,(E))(C^ + + C,,(0))] 

fU (Fornmla 46) 

25 Thus, it is understood that there is a relationship of formula 47) 

between Aotg^ and Act^. 

Aa^/Aa,t = -C^/(C^ + CJ (Formula 47) 

30 Furthermore, in the case where C^t and Qe are set to be constant, and 

only Cga is varied between the portion away &om the feeding ends and the 
portions away therefrom (Cgd(0) ^ Cpj(E)), a relationship of (Formula 48) can 
be obtained similarly. 

35 AOga/Ao^t = -CJ(C,^ + (Formula 48) 

The right sides of (Formula 47) and (F ormula 48) have negative values. 
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Therefore, when d^ese reUtionships are added to F.^e 32, a str^^l-e 
passing through an origin and having a negative slope ^'^.f'T^ 
(exdulg an origin) in both cases. Therefore, U>e ^^^^^^l^^^"^ 
47) or (Formula 47) does not have a portion m common wxth ha^!* 
„!i„n More specifically, this shows that in the case of varymg only C or 
oX c.. both a flickering reduction effect and a hrightness gradient reduction 
effect cannot be satisfied. 

(Principle 2 of flie present invention: Optimum distribution of P and v) 

L portioL dose to the feeding ends and the portion away therefrom 
have been used as representative points in the above. However, various 
^hl« nattems rfy and p can be considered at each position across a screen. 
l^Z soL exLp.es regarding P, and Figure 20 shows ^me 

0 !^!Lples regarding.. In each graph, the horizontal axis represents a 

1 15 —alpLtio/i: a screen, and tlieverrical axis r^res^^a v^ue o^^^^ 
i y 0,E, and M on the horizontal axU represent a portion dose t» the feedmg 
- Las, a portion away from the feeding ends, a-* « PorUon m tHe ^dle 

ther;betweenintermsof distance.respectively. As Aownin^^ 19Aor 
2nA a nattem that dianges lineally can be considered most easily 
Z,l^L shown I Figure 19B or 20B, a non-hnear diange also may be 
^d^d Alternatively, as shown in Figure 19C or 20C, a ^^ge ^ a ages 
also may be considered. Alternatively, as shown m Figure 19D or 20Dj 
tmbtolon of a constant portion and a portion with a slope ako may be 
^Idered. In any case, the values of P and r m Ae portion <» ^« 
fMdine ends and in the portion away from the feedmg ends satisfy (Form^ 
3«td^oL" a 29). Thus, n. any case, the effect, of the present mvention 



o 

m 20 
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tr^ular, as shown in Figures 19B. 19D, 20B, and 20D, it is 
desirable t^at p represents an upward «,nvex trend between the portion dose 
"eding Ids and the portion away therefrom, and y r„^ a 
towward convex trend between the portion dose to fl-e feeding ends and the 
Zion away therefrom. The reason for this will be described below 
Scanning electrodes can be considered as wnres havmg an EC 
distribution drcuit constant. Figure 2 1 shows scanning electrodes 
T^Z^^y. using 5.stage RC circuits, where the total cap^^oe between 
the portion close to the feeding ends and the porUon away 'herrf"'^ 
represented as C. and the resistance thereof is represented as K. This 
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assumes that a region between the portion dose to the feeding ends of the 
scanning electrodes and the portion away therefrom is divided equally into 
five sections, and each of the sections represented by a unit RC circuit as 
shown in Figure 22 is connected to each other. Assuming that the length 
between the portion dose to the feeding ends of the scanning electrodes and 
the portion away therefrom is L, node potentials V^O, Vgl, Vg2, Vg3, Vg4, V^S, 
and VgE in the figure correspond to potentials at positions with a distance 
from the feeding ends of 0 (portion dose to the feeding ends), L/10, 3L/10, L/2, 
7L/10, 9L/10, and L (portion away from the feeding ends). The portion dose 
to the feeding ends is supplied with a voltage by a scanning signal driving 
circuit. In Figure 21, V^O is a supply voltage of the scanning signal driving 
circuit, and Rg is an internal impedance of the scanning signal driving circuit. 

Figures 19 and 20 show the case assuming that a voltage is supphed 
from both sides. Since the graphs in Figures 19 and 20 are symmetrical, only 
the left half or right half may be considered. In the case of the circuit model 
in Figure 21, only the left half of Figure 19 or 20 is considered. 

A change with time in each node potential when the potential of the 
scanning electrodes in the above-mentioned circuit falls (i.e., when V^O 
changes in the form of steps from an ON-level V^^ to an OFF -level can be 
solved by a circuit equation. Figure 23 shows the results obtained by 
actually conducting calculation of numerical values. Herein, it is assumed 
that the potential of the scanning electrodes V^O shifts from Vg^^ to Vg^ff at a 
time t = 0, and as an example, calculation is conducted with respect to the case 
of Rg = R/9, Vgon = 25 V, and V^q = 0 V. The horizontal axis is normalized with 
CR. 

Next, as in the prior art, assuming that the capadtance of Cg^, C^t- 
and the like are constant irrespective of a position, how AV^ changes with a 
position will be considered. The pixel configuration at each point is shown by 
the circuit in Figure 14, so that a change with time in a pixel electrode 
potential when the above-mentioned VgO, Vgl, Vg2, ... are applied as Vg(n) 
only needs to be tracked. When Ve(n), Vf, and are assumed to be constant 
potentials in such a circuit, a change with time in Vj is represented by 
(Formula 32). 

Ids + C^t • dVa/dt - Cga • dVg(n)/dt = 0 (Formula 32) 

Herein, Ctot= ^e^'^ ^ic Furthermore, I^^ is a source-drain current of a 
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TFT, which is represented by (Formxda 33) when ideal MOS characteristics 
are assumed. 



Ids =k [{V,(n) - V3 - VJ^ - {V,(n) - Va- VJ^] 

(where V,(n) - V3 > V„ V^(n) - > 
Id3 = k{V,(n)-V3-VJ^ 

(where V,(n) - > V„ V,(n) - Va < 
Ia3 = -k{V,(n)-Vd-^VJ^ 

(where V^(n) - V, < V„ V,(n) - > 

lds=0 

(where V,(n) - < V^, V,(n) - Va < 

(Formiila 33) 



Herein, k is a constant representing a charge abihty of a TFT, and Vt 
represents a threshold voltage of a TFT. The initial conditions of (Formula 
32) are Va = V^, Vg(n) = at t = 0. Furthermore, after a sufELcient time 
elapses (t = 00), Vg(n) = Vg^ff, a TFT is in an OFF state, and las = 0 (in the case of 
the fourth formxila of (Formula 33)). Therefore, Va becomes a constant value 
(dVa/dt = 0 (t = Qo) is obtained from (Formula 32)). The difference between the 
value of a final plateau Vao of Va obtained by nimierical calculation and the 
value of a final plateau Vao of Va in the absence of recharge, i.e., the value of 
Vao when las = 0 always is satisfied in (Formula 32), i.e., Vao = V3 - (Cga/Ctot)(Vgon 
- Vgoff), corresponds to a recharge voltage AV^. Figure 24 shows the results 
obtained by actually calculating the value of AV^, assuming that V^ = 2 V, Vg = 
6 V, Cgd/Ctot = 0.05, and k = 6 x 10 ^ AA^, as an example. In this graph, a 
horizontal axis shows values normalLzed assimiing that the portion close to 
the feeding ends is "0", and the portion away from the feeding ends is "1". A 
vertical axis also shows values normalized assuming that AV^, at the portion 
away firom the feeding ends is "1". As is tmderstood from this graph, a 
distribution of a recharge voltage has an upward convex shape. 

When there is such a distribution of a recharge voltage, the 
distribution of a DC average level of a pixel electrode and a liquid crystal 
application voltage effective value generated by the distribution of the 
recharge voltage also has a shape as shown in Figure 24 (in the Hquid crystal 
apphcation voltage effective value, as is presumed from the fact that the right 
side of (Formula 2 1) becomes negative, a graph of Figure 24 inverted upside 
down can be obtained. In the DC average level, the right side of (Formula 20) 
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is positive, so that a graph is not inverted upside down). Thus, it is desirable 
that the distributions of P and y for correcting flickering (caused by the 
distribution of a DC average level) and a brightness gradient (caused by the 
distribution of a hquid crystal appHcation voltage effective value) has a shape 
similar to that in Figure 24. More specifically, it is desirable that p is set to 
be as shown in Figure 19B, and y is set to be as shown in Figure 20B (Figures 
19D and 20D may be possible). 

The above description will be considered paying attention to a position 
(hereinafter, simply referred to as an intermediate position) in the middle in 
terms of a distance between the portion dose to the feeding ends and the 
portion away therefrom. Assuming that values of P and y at the portion close 
to the feeding ends are p(0) and y(0), the values thereof at the portion away 
from the feeding ends are P(E) and y(E), and the values thereof at an 
intermediate position are p(M) and y(M), as shown in Figures 19A and 20A, 
the values of p and y at the intermediate position in the case where a linear 
slope is provided are given by p(M) = [p(0) + p(E)]/2 and y(M) = [y(0) + y(E)]/2. 
Compared with this, in the case where the effects of reduction of flickering 
and a brightness gradient are obtained effectively, i.e., in the case as shown in 
Figures 19B, 20B, 19D, and 20D, the following relationship of (Formula 34) is 
satisfied. 

p(M) > [p(0) + p(E)]/2 
y(M)<[y(0) + y(E)]/2 

(Formula 34) 

The first formula of (Formula 34) is a conditional expression regarding 
flickering, and the second formula is a conditional expression regarding a 
brightness gradient. 

If only (Formula 34) is satisfied when (Formula 29) and (Formula 3 1) 
are satisfied, the above-mentioned effects of a reduction in flickering and a 
brightness gradient can be obtained sufficiently. For example, as shown in 
Figures 25A and 25B, P may not always increase monotonically with respect 
to a distance from the feeding ends, and in a more extreme case, as shown in 
Figure 25A, P(M) may exceed p(E). However, even in these cases, the effects 
of a reduction in flickering and a brightness gradient can be obtained. This 
also apphes to y. 
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tOupplcinentary item 1 rcga rdiilg' Uiu piiiiuplc! V and A^— 

A supplementary description will be made with respect to V^p of 
(Formxila 19). If the third term regarding recharge is ignored since it is very 
small, and a^fVcp is assumed to be negative in the formula regarding V^^ of 
5 (Formula 18) and (Formula 23), an effective value of a voltage applied to 
liquid crystal becomes a value larger than a video signal amplitude [Vsig(+) - 
Vsig(-)]/2. This corresponds to the following: an advantage in which a voltage 
(e.g., 10 to 15 V) equal to or higher than a withstand voltage can be applied to 
Hquid crystal, using a video signal driving IC with a low withstand voltage 
10 (e.g., about 5 V), as described in the Background Art. Therefore, it is 

desirable that a^tV^ is negative. Since a^t is a capacitance ratio and is always 
positive, it is desirable that V^p is negative. 

M Furthermore, a supplementary description will be made with respect 

Q 

^ to AV^ of (Formula 19). If the third term regarding recharge is ignored since 
15 it is very small in (Formula 18) and (Formula 23) regarding V^^, by satisfying 

^ the foUowing (Formula 35), a DC average level [V,ig(+) + V,ig(-)]/2 of a video 

^ signal can be matched with a DC average level Vdc(P) or Vdc(E) of a pixel 

5^ electrode. 

6 

o 

m 20 AV,, = -(aga/a3t)AVg,„ (Formula 35) 

p Because of the above, a d.c. voltage component is not supplied between a video 

fU signal electrode and a pixel electrode, and unnecessary ions can be suppressed 

&om being generated in liquid crystal and an insulating film. Therefore, 
25 stability with time can be enhanced. Since AVg^j,, a^^, and a^t are positive, it is 
desirable that AV^c is negative. Even if (Formula 35) is not satisfi.ed, if at 
least AVec is negative, a voltage difference between a DC average level [Vsig(+) 
+ V3ig(-)]/2 of a video signal and a DC average level Vdc(O) or Vdc(E) of a pixel 
electrode can be reduced, and the above-mentioned effects can be obtained to 
30 some degree. 

(Supplementary item 2 regarding the principle: method for supplying a power 
of scanning electrodes and common electrodes) 

Next, a supplementary description will be made with respect to a 
35 method for supplying a power of scanning electrodes and common electrodes. 
In (analysis of the problems of the prior art), it is described that a recharge 
current (recharge voltage) increases due to the fluctuation in a potential of 
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common electrodes. It also is described that this influence is small in the 
portions dose to the feeding ends of the common electrodes, whereas it is large 
in the portion away from the feeding ends. Thus, the in-plane distribution of 
a recharge voltage depends sHghdy on a method for suppljdng a power of the 
common electrodes, as well as a method for suppljong a power of the scanning 
electrodes. Now, for example, the following five combinations of methods for 
supplying power by the scanning electrodes and the common electrodes are 
considered. 

(A) The scanning electrodes and the common electrodes supply power 
from both sides (in the above description, this case is assumed). 

(B) The scanning electrodes supply power from both sides, and the 
common electrodes supply a power from one side. 

(C) The scanning electrodes supply power from one side, and the 
common electrodes supply a power from both sides. 

(D) The scanning electrodes and the common electrodes supply power 
from one side (from the same side). 

(E) The scanning electrodes and the common electrodes supply power 
from one side (from different sides). 

(In addition, for example, power may be suppHed alternately from 
both sides of every other line, and power may be suppUed from the left side in 
the upper half of a screen and firom the right side in the lower half thereof. 
These cases are apphcable to any of the above-mentioned (A) to (E), if one hne 
is considered.) 

Regarding the above-mentioned (A) to (E), Figures 26Ato 26E show a 
predicted in-plane distribution (distribution in a horizontal direction) 
representing how a recharge voltage AV^ is generated. In these figures, G 
represents a scanning electrode, and C represents a common electrode. A 
portion with a square mark (□) represents a feeding end. A curve 
represented by a broken Hne shows a recharge voltage in the case where 
fluctuations in a potential of the common electrode are not considered, and a 
curve represented by a solid hne shows a recharge voltage in the case where 
fluctuations in a potential of the common electrode are considered. In the 
case where the fluctuations in a potential of the common electrode are not 
considered, a recharge voltage exhibits an arched ctirve when the scanning 
electrode is suppHed with a power from both sides ((A), (B)), and exhibits a 
semi-arched curve when the scanning electrode is supplied with a power trom 
one side ((C), (D), (E)). When the fluctuations in a potential of the common 
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electrode are considered, AVb is loaded by the corresponding amoxint. The 
loaded amount at this time becomes small at the portion close to Hie feeding 
ends of the common electrode, and becomes large at the portion away from the 
feeding ends. In the case of (E), due to the AV^ distribution generated only by 
the scanning electrode and the amount loaded depending upon the effect of 
fluctuations in a potential of the common electrode, as shown in Figure 26E, 
there may be the case in which AVb is smaller in the feeding ends of the 
scanning electrode, compared with the feeding ends of the common electrode, 
and the case in which AVb is smaller in the feeding ends of the common 
electrode, compared with the feeding ends of the scanning electrode as shown 
in Figure 26E'. 

In order to obtain the effect of reduction in a brightness gradient and 
flickering according to the present invention most effectively, it is most 
desirable to provide a distribution to P and y (more exactly, | y | ) in accordance 
with the shape of AV^ ™ Figures 26A to 26E (more spedfically, so that a 
brightness gradient and flickering generated by AV^ are corrected). However, 
it is not necessarily required to provide such a distribution over the entire 
screen. 

Hereinafter, regarding each case of (A) to (E), the relationship with 
respect to the expression of the present invention will be described. First, in 
(A) to (E), end portions of a screen to which at least one of a scanning electrode 
and a common electrode is supphed with a power will be referred to as 
"portions dose to the feeding ends). More specifically, in all the cases 
excluding (D), both ends of the screen become "portions close to the feeding 
ends" (represented by a mark "O" in Figure 26). In only (D), only one end 
portion becomes a "portion dose to the feeding ends". In the cases other than 
(D), the vicinity of the center of the screen wiU be referred to as a "portion 
away firom the feeding ends (represented by a mark "E"). In the case of (D), 
the end portion not supphed with a power becomes a "portion away from the 
feeding ends". The position represented by a mark "M" in the figure is a 
portion corresponding to the middle between the "portion dose to the feeding 
ends" and the "portion away from the feeding ends" in terms of a distance. 

In the cases other than (D), there are two "portions dose to the feeding 
ends". When a certain value (ag^, Ost, etc.) has different values between the 
portion dose to the feeding ends and the portion away from the feeding ends, 
this means that a value of at least one of a plurality of "portions dose to the 
feeding ends" is different from a value of a "portion away from the feeding 
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ends'\ Fvirthermore, when a certaia value (p, y, etc.) is 'larger (smaller) in a 
portion away from the feeding ends, compared with the portions dose to the 
feeding ends", this means that a value of the "portion away from the feeding 
ends" is larger (smaller) than the value of at least one of a plurality of 
"portions dose to the feeding ends". 

Based on the above-mentioned interpretation, it is xmderstood from 
Figures 26A to 26E' that the relationship of (Formula 16) holds in any case. 
Therefore, what is described in (Description 1 of the prindple of the present 
invention: Prindple of a reduction in a brightness gradient/flickering) is fully 
applicable. 

The first and second formulae of (Formula 16) can be understood 
easHy if Vb(0, +), Vb(0, -), and Vb(E, +), V^OE, -) are replaced by in Figures 
26 A to 26E'. Regarding the third formula, as is understood from Figure 18, if 
it is considered that a recharge voltage is much larger in the case of negative 
charge than in the case of positive charge, a magnitude correlation between 
Vb(0, +) - Vb(0, -) and Vb(E, +) - Vt(E, -) may be considered to be the same as 
that between -Vb(0, -) and -Vb(E, -). It is considered that the third formula 
also holds since the second formula holds. 

Furthermore, curves of AVb in Figures 26A to 26E' have an upward 
convex shape. Therefore, what is described in (Prindple 2 of the present 
invention: Optimum distribution of P and y) is fully apphcable. . 

(Supplementary item 3 regarding the prindple: Another drcviit configuration) 

The above description is predicated on each pixel having the 
configuration in Figure 14. However, the storage capadtance of each pixel 
also is connected to wiring other than a common electrode. For example, as 
shown in Figure 27, the storage capacitance may be connected to a scanning 
electrode (in this figure, an example of the previous stage) other than the 
stage concerned. In this case, if the potential of a scanning electrode of the 
previous stage is V^(n-1), and storage capadtance connected thereto is Cst2, 
the formiila of conservation of charge corresponding to (Formula 11) is given 
by (Formvda 36). 
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C^(V3i,(-) - V^„) + C.,(V.^(-) - V,(-)) + C,,(V3^(-) - V,) + C3,2(V,^(-) - V^ff) 
= C,a(Va<,(-) - V^ff) + C3.(V,„(-) - V„fl) + Q,(Vao(-) - + C,,2(V,„(-) - V^) 
C^(V,i,(+) - Y^J + C,,(V,i,(+) - V,(+)) + C,e(V,i,(+) - + C3t2 (V^(+) - 
= C^(Vdo(+) - V^^ + C,,(Va„(+) - + C^(V^(+) - Vf) + C,,2(Vao(+) - V^) 

(Formula 36) 

Herein, when a scanning electrode Vg(n) is selected, Vg(n-1) has already been 
selected. Therefore, the potential is VgoB- When (FormvQa 36) is modified, 
(Formula 37) is obtained. 

Vdo(-) = Vs^C-) - astAV/-) - a^AV^„ 
Vdo(+) = V,i,(+) - a3tAV,(+) - cx^AY^, 

(Formula 37) 

Herein, AVgon, AVc(+), and AV<,(-) £ire represented by (Formula 13), and a^^ and 
otst £u^e represented by the following (Formula 38): 

tot 

O^st ~ Cst/Ctot 

(Formida 38) 

When the above-mentioned results are compared with Formulae 12 to 14 in 
the dxcuit of Figure 14, there is only a difference in that Cst2 is added to the 
formula of Ctot. Therefore, as long as consideration is given to the fact that 
Ctot is different, the principle and supplementary items of the present 
invention described in the above are fuUy apphcable. 

Depending upon the case, the following also may be considered: the 
values of ct^t and are made different by making the value of C^^2 different 
between the portion dose to the feeding ends and the portion away from the 
feeding ends, whereby the effects of the present invention are obtained. 

Even if the connection destination of Cst2 is a scanning electrode in the 
previous stage, that in a second firom the previous stage, that in a third from 
the previous stage, that in a second from the subsequent stage, that in a third 
from the subsequent stage, or the hke, the same effects can be obtained. 

If Ctot is further generalized and considered to be a "total of the entire 
capacitance connected electrically to pixel electrodes", including Figures 14 
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and 27, the description and supplementary items regarding the principle of 
the present invention are all apphcable. 

Hereinafter, a display apparatus constituted by using the above- 
mentioned principle will be described with reference to the drawings. 

(Embodiment 1) 

Figure 1 is a plan view showing a pixel layout of a display apparatus 
of the first embodiment according to the present invention. Figure 2 is a 
cross-sectional view taken along a line A-A' in Figure 1. 

In Figures 1 and 2, reference numerals 11 and 12 denote substrates 
made of glass or the like. Reference numeral 11 denotes an array substrate 
on which thin film transistors 3 (also called TFTs or switching elements) and 
electrodes connected thereto are formed, and reference numeral 12 denotes a 
counter substrate opposing the array substrate. Liquid crystal 13 is 
interposed between two substrates as a display medium, and both ends of the 
substrates are sealed with a seal 17. Reference numerals 14 and 15 denote 
polarizing plates for conducting a polarization display, and 19 denotes a color 
filter for conducting a color display. Although the color filter 19 is formed on 
the counter substrate 12 side, it may be formed on the array substrate 11 side. 

Scanning electrodes 1 and common electrodes 4 are formed of a first 
conductive layer on the array substrate 11, and an insulating film 18 covers 
these electrodes. A pixel electrode 5 is formed of a second conductive layer on 
the insulating film 18. As shown in Figure 2, a part of the pixel electrode 
overlaps the common electrode 4. An overlapping portion with the common 
electrode 4 constitutes a storage capacitor 7 (i.e., common electrode - pixel 
electrode capacitance C^^. Furthermore, an overlapping portion of the pixel 
electrode 5 and the scanning electrode 1 constitutes a scanning electrode - 
pixel electrode capacitance 0^^. 

As shown in Figure 2, a transparent electrode 20 is formed on the 
counter substrate 12. The transparent electrode 20 and the pixel electrode 5 
oppose each other via hqmd crystal 13 as a display medium, thereby forming a 
Hquid crystal capacitance Ci^. Herein, it is assumed that hquid crystal is TN 
(twisted nematic) hquid crystal. 

The thin film transistor 3 is composed of a semiconductor portion 9 
and three electrodes. Gate electrodes are connected to the scanning 
electrodes 1, source electrodes are connected to video signal electrodes 2, and 
drain electrodes are connected to pixel electrodes 5. 
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Figure 3 is a circiiit configuration diagram of a display apparatus of 
the first embodiment according to the present invention. There are provided 
a common electrode - pixel electrode capacitance C^t, a scanning electrode - 
pixel electrode capacitance C^, and a liquid crystal capacitance in one pixel 
so as to correspond to Figures 1 and 2. When one pixel alone is considered, 
the circuit configuration in Figure 3 is the same as that in Figure 14. Such 
pixels are arranged in a matrix, whereby a display apparatus is constituted. 
Furthermore, in the display apparatus, the video signal electrodes 2 are 
connected to a video signal driving circuit 22, the scanning electrodes 1 are 
connected to the scanning signal driving circuit 21, and the common 
electrodes 4 are connected to a common electrode potential control circuit 26. 
Reference numeral 23 denotes a display element excluding the driving 
circuits. 

In Figure 3, portions dose to feeding ends and a portion away from the 
feeding ends are shown. A pixel layout in each portion is as shown in Figure 
1. The display apparatus of the present embodiment is characterized in that 
and Cga have different shapes between the portion dose to the feeding ends 
and the portion away therefirom, and a capacitance value itself also is 
different (area of the capadtor is different). Because of this, as described in 
(Description 1 of the prindple of the present invention: Prindple of a 
reduction in a brightness gradient/flickering), a brightness gradient and 
flickering can be reduced. 

The effects of the present invention can be obtained most 
conspicuously when the following three conditions are satisfied: 

(1) The video signal driving circuit is capable of applying two kinds of 
video signals with different polarities (i.e., positive and negative video signals 
based on the potential of the counter electrode, corresponding to Vsig(+) and 
Vsig(-) in Figure 15) to video signal electrodes in accordance with a display 
period. 

(2) The scanning signal driving circuit is capable of applying an output 
potential level with at least two values (Vg^n and in Figure 15). 

(3) The common electrode potential control circviit is capable of 
applying an output potential level with at least two values (Vc(+) and ^ 
Figure 15). 

In (Figure 1), C^(0) < C^a(E), 0,^(0) < C,,(E) (this relationship is 
obtained from the relationship in magnitude of an area of an overlapping 
portion). However, as an example, assuming that Cgd(0) = 0.020 pF, C^t(P) = 
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0.100 pF, Ci,(0) = 0.100 pF, Cga(E) = 0.030 pF, C^tOE) = 0.130 pF, and C,,(E) = 
0.100 pF, the above-mentioned conditions can be satisfied (the capacitance 
may be calculated firom an area, a film thickness, and a dielectric constant, or 
may be obtained by actual measurement). 
5 In this case, when a^(0), ot^tCO), and OgdCE), ot^tCE) are calculated by 

(Formula 14), a^iO) = 0.091, a3t(0) = 0.455, a^(E) = 0,115, a,,(E) = 0.500, 
Assumiag that driving conditions are AVg^n = 20 V, AVec = -3 V, and V^p = -10 V, 
y(0), y(E), and p(0), p(E) are obtained by (Formula 25) and (Formula 27), and 
y(0) = -2.275 V, y(E) = -2.5 V, and p(0) = 0.023, p(E) = 0.040 are obtained, 
10 respectively. More specifically, it is understood that (F ormula 29) and 

(Formula 3 1) are satisfied, and the effect of reduction ia a brightness gradient 
and flickering can be obtained. 

Needless to s^, what is described ia (Principle 2 of the present 
P invention: Optimum disstribution of p and y), (Supplementary item 1 regarding 

^ 15 the principle: Vep and a\ (Supplementary item 2 regarding the principle: 
^ method for supplying a power of scanning electrodes and common electrodes), 

^ and (Supplementary item ayregarding the principle: Another circuit 

Ul configuration), as weU as ((Description 1 of the principle of the present 

H^^J invention: Principle of a reduc\jon in a brightness gradient/flickering) is all 

RJ 20 applicable. 
^ For reference, the results obtained from simulation conducted by 

P applying specific numerical values to parameters such as a capacitance in the 

fU present embodiment are shown in Figures 33Ato 33D. In this simulation, an 

equivalent circuit of the entire display region is composed with a circuit 
25 simulator, and a DC average level (VaJ and a Uquid crystal application voltage 
effective value (Vgff) at each position in the display region are calculated. The 
driving voltage conditions are V^,, = 10 V, V^^ff = -15 V, AVe(+) = -7.5 V, AV^(-) = 
2.5 V, V3ig(+) = 2.5 V, V,^(-) = -2.5 V (therefore, V^, < 0, AV^ < 0 are satisfied), 
and it is assumed that a power is supphed only firom the left side of a display 
30 region in both the scanning signal driving circuit and the common electrode 
potential control circuit. 

First, a curve marked with "no capacitance gradient" in each figure 
represents calculated results in the case where a distribution in a display 
region is not given to C^t, Cg^, or Qe- Herein, = 0.7 pF, Cg^ = 0.07 pF, and Ci^ 
35 = 0.75 pF over the entire display region. Figure 33 A shows a state of 
distribution of C^t, and Figure 33B shows a state of distribution of Cgd 
("normalized horizontal position" on the horizontal axis refers to a value 
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obtained by normalizing a distance from the left end of a display region by a 
display region width, and the left end and the right end correspond to "0" and 
"1"). Figures 33C and 33D show the results for a DC average level and a 
liquid crystal apphcation voltage effective value. A DC average level is larger 
in the portion away from the feeding ends (normalized horizontal position = 1), 
compared with the portions dose to the feeding ends (normalized horizontal 
position = 0). AHquid crystal apphcation voltage effective value is smaller in 
the portion way from the feeding ends (normalized horizontal position = 1), 
compared with the portions dose to the feeding ends (normalized horizontal 
position = 0). These results are as shown by (Formula 20) and (F ormula 2 1). 
Furthermore, the shapes in Figures 33C and 33D are similar to that in Figure 
24. 

Next, the case where a DC average level and a hquid crystal 
application voltage effective value are xmiform in a plane by giving an 
optimum distribution in a display region to C^t and C^^ (making Ci^ constant) 
will be shown as "capadtance gradient" in each figure. Herein, C^t and Cg^ 
are selected so as to be matched with the values in the case of "no capacitance 
gradient) on the left end (normalized horizontal position = 0). It is 
xmderstood that if the value of C^t is allowed to have a gradient of 0.7 pF (left 
end) to 0.745 pF (right end) as in Figure 33A, and the value of is allowed to 
have a gradient of 0.070 pF ^eft end) to 0.082 pF (right end) as in Figure 33B, 
a DC average level and a liquid crystal apphcation voltage effective value 
become almost flat as in Figure 33C or 33D (a distribution width is within 10 
mV in any case). 

If (Formula 25), (Formula 27), and the like are used at this time, P(0) 
= 0 < (3(E) = 0.0048, y(0) = -2.303 V > y(E) = -2.363 V are obtained, which 
shows that the conditions of (Formula 29) and (Formula 31) are satisfied. 
Furthermore, capacitance values in the middle (normahzed horizontal 
position = 0.5) between the portion dose to the feeding ends and the portion 
away therefirom are read to be C^t = 0.732 pF and Cg^ = 0.0785 pF, respectively, 
from Figures 33A and 33B. If (3(M) and yOVQ described in (Principle 2 of the 
present invention: Optimum distribution of P and y) are determined from the 
above capacitance values, p(M) = 0.0034 and y(M) = -2.345 V are obtained, 
which shows that the condition of (Formula 34) also is satisfied. 

(Embodiment 2) 

In Embodiment 2 of the present invention, the configuration that 
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reduces horizontal crosstalk and lowers a voltage of a video signal driving 
circuit IC wiU be described with reference to Figures 4 and 5. 

Figure 4 is a plan view showing a pixel layout of a display apparatus 
of the second embodiment according to the present invention. The 
configuration in Figure 4 basically follows the pixel layout in Figure 1. In 
Figure 4, pixels are inverted in the vertical direction per column. In this 
layout, in order not to disturb the sjonmetry in the vertical direction, a 
common electrode 4 is disposed in the middle between two scanning electrodes 
1. An insulating film 18 (not shown) is interposed between the pixel 
electrode and the common electrode to form a storage capacitor 7 (Cst). 

Figure 5 is a circuit configuration diagram of a display apparatus of 
the second Embodiment according to the present invention. Basically, this 
also is the same as that in Figure 3. However, pixels are inverted in the 
vertical direction per column, corresponding to the layout in Figure 4. What 
is important here is that storage capacitance connected to (a plurahty of) pixel 
electrodes of pixels belonging to one scanning electrode (e.g., GJ, (ON/OFF of 
which is controlled by the scanning electrode Gi), are connected to two 
common electrodes (Cq and C^) that are the other connection destinations. 
Furthermore, the circuit configuration of the second embodiment also is 
characterized in that pixels belonging to one scanning electrode (e.g., Gi) are 
present in different stages between the even-number column and the odd- 
number column (note: this is not necessarily a required configuration of the 
present invention). 

When such a configuration is used, dot inversion driving and column 
inversion driving also can be adopted, as well as line inversion driving (in the 
first embodiment, only line inversion or field inversion is adopted). This will 
be described with reference to Figures 5, 6A, and 6B, exemplifying dot 
inversion. 

Figures 6A and 6B are waveform diagrams of an odd-number frame 
and an even-number firame for illustrating a method for driving a display 
apparatus of the second embodiment according to the present invention by dot 
inversion driving. The case will be considered in which signals with different 
polarities are appUed to video signal electrodes Si (and S3, S5, S^, ...) and S2 
(and S4, Sq, Sn+i, ...) in an odd-number frame as shown in Figure 6A. Now, 
for example, in a horizontal scanning period (IH period) in which the scanning 
electrode G^ is selected, a positive signal Vsig(+) and a negative signal V^^ir) 
are applied to Si and S2 in Figure 5, respectively. At this time, in a column 
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belonging to Si (more exactly, a column belonging to a video signal electrode 
including Si to which a positive video signal is applied), an upper pixel of Gi 
(referred to as a "pixel P") is in an ON state, and in a column belonging to S2 
(more exactly, a column belonging to a video signal electrode including S2 to 
which a negative video signal is appHed), a lower pixel of Gi (referred to as a 
"pixel Q") is in an ON state. 

Herein, the common electrodes that are connection destinations of 
storage capacitance of the pixels P and Q are Co and Ci, respectively (these 
electrodes will be referred to as the first common electrode and the second 
common electrode, based on Gi). These electrodes are separate ones, so that 
they can be set at different potentials, i.e, Cq (first common electrode) is set to 
be Vc(+) (corresponding to the state where the pixel P is charged positively), 
and Ci (second common electrode) is set to be Ve(-) (corresponding to the state 
where the pixel P is charged negatively). When the pixel P or Q is seen alone, 
the relationship of potentials among a video signal electrode, a scanning 
electrode, and a common electrode is the same as that in Figure 15, which 
shows that the effect of an increase in an amplitude of a pixel electrode 
potential as described in the Background Art with reference to Figures 14 and 
15 can be obtained. Herein, the case has been described in which Giis 
selected. However, if the case where Gq or G2 is selected is considered 
similarly, it is imderstood that the potential waveform of each common 
electrode should be set as shown in Figure 6 A. This also appHes to the even- 
number frame shown in Figure 6B, in which only the polarities of signals of a 
video signal electrode and a common electrode are reversed. 

The above description also apphes to the case of column inversion. 
When considered in the same way as in Figures 6A and 6B, it is understood 
that by setting the potential waveform of a common electrode as shown in 
Figures 7 A and 7B, the effect of an increase in an ampHtude of a pixel 
electrode potential as described in the Background Art with reference to 
Figures 14 and 15 can be obtained. 

As described above, in the present embodiment, dot inversion or 
column inversion driving, which is a driving method advantageous with 
respect to horizontal crosstalk, is adopted, and the effect of an increase in an 
amplitude of a pixel electrode retention potential can be obtained. Thus, the 
reduction in horizontal crosstalk and the decrease in a voltage of a video 
signal driving circuit IC can be achieved. More specifically, the second object 
among the previously described two objects can be achieved. 
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It should be noted that the above-mentioned effect (reduction in 
horizontal crosstalk and decrease in a voltage of a video signal driving circuit 
IC) can be obtained irrespective of the provision of a distribution of and 
in a screen as described in (Description 1 of the principle of the present 
5 invention: Principle of a reduction in a brightness gradient/flickering). 

(Embodiment 3) 

According toSthe above-mentioned second embodiment, the effect of an 
increase in an ampUtude of a pixel electrode retention potential as described 
10 in JP 5(1993)- 14302 1 c^ be obtained with dot inversion driving or column 
inversion driving in the configurations of Figures 4 and 5. If this is allowed 
to proceed further, it is apparent that what is described in (Description 1 of 
N» the principle of the present mvention: Principle of a reduction in a brightness 

§ gradient/fhckering), (PrinciplX2 of the present invention: Optimum 

=p 15 distribution of P and y), (Supplementary item 1 regarding the principle: V^, 

and A^c), (Supplementary item 2 regarding the principle: method for supplying 
^ a power of scanning electrodes anoscommon electrodes), and (Supplementary 

item 3 regarding the principle: Anomer circuit configuration) is adopted as it 
Q is, and predetermined effects such as >i reduction in flickering, a decrease in a 

fU 20 brightness gradient, and the like can besobtained. 

^ Actually, the layout in Figure 4 shows the case where Cst(0) < C^t(E) 

O andC^(0)<Cga(E). 

W As a postscript, it is desirable that the video signal driving circuit be 

designed for dot inversion or column inversion. More specifically, it is 

25 desirable that two kinds of video signals with different polarities can be 

applied simultaneously to a plurality of video signal electrodes, and for each 
video signal electrode, two kinds of video signals with different polarities can 
be apphed in accordance with a display period (depending upon whether a 
frame is an odd-number firame or an even-number frame). 

30 Furthermore, regarding common electrodes, based on a certain 

scanning electrode, the number of common electrodes that are the other 
connection destinations of storage capacitance connected to pixel electrodes . 
belonging to the scanning electrode is two (first and second common electrodes 
in the above description). The number of common electrodes to be connected 

35 is not necessarily two, and it may be three or more. However, if there are 
provided two common electrodes in accordance with the polarity of a video 
signal, driving can be conducted most effectively at timings in Figures 6A and 
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6B, or Figures 7 A and 7B, which is desirable. 

In Figure 4, pixels in an even-number column and pixels in an odd- 
number column are completely symmetrical. However, considering the 
influence of a shift of mask ahgnment and asjmimetry regarding a scanning 
direction, capacitance values (Cg^, C^t, and the Uke) of these pixels may be 
made different between the even-number colvimn and the odd-number 
column. 

In the case where signals with two polarities are apphed 
simultaneously to a plurahty of scanning electrodes, signals with opposite 
polarities are apphed alternately on the column basis (more specifically, 
alternately between an even-number column and an odd-number column) in 
dot inversion and column inversion. However, this is not necessarily 
required. For example, each polarity may be arranged at every other 
columns or at random. 

In Figures 4 and 5, pixels corresponding to two polarities are inverted 
in the vertical direction. However, the present invention is not hmited 
thereto. More specifically, there may be a method for changing only the 
connection destinations (common electrodes) of storage capacitance in 
accordance with the polarity of a video signal electrode in the configuration 
shown in Figure 1 or 3. In this case, in addition to the problem of asymmetry 
of the configuration, wiring for connecting storage capacitance crosses other 
scanning electrodes in a layout, which generates an excess capacitance, 
leading to crosstalk. Thus, this is not desirable. 

(Embodiment 4) 

In the fourth embodiment of the present invention, a display 
apparatus using hquid crystal in an In Plane Switching (IPS) mode will be 
described with reference to Figures 9 and 10. 

Figure 9 is a plan view showing a pixel layout of a display apparatus 
of the foxirth embodiment according to the present invention. Figure 10 is a 
cross-sectional view taken along a line A- A' in Figure 1. 

In Figures 9 and 10, reference numerals 11 and 12 denote substrates 
made of ^ass or the Uke. Reference numeral 11 denotes an array substrate 
on which thin film transistors and electrodes connected thereto are formed, 
and reference numeral 12 denotes a counter substrate opposing the array 
substrate. Liquid crystal 13 is interposed between two substrates, and both 
ends thereof are sealed with a seal 17. Reference numerals 14 and 15 denote 
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polarizing plates for conducting a polarization display, and 19 denotes a color 
filter for conducting a color display. Although the color filter is formed on the 
counter substrate 12 side, it may be formed on the array substrate 11 side. 
On the array substrate 11, scanning electrodes 1 and common 
5 electrodes 4 are formed of a first conductive layer, and an insulating film 18 
covers these electrodes. A pixel electrode 5 is formed of a second conductive 
layer on the iasulating film 18. As shown in Figure 10, the pixel electrode 5 
overlaps the scanning electrode 1 of the previous stage. The overlappiag 
portion with the scanning electrode 1 constitutes a storage capacitor 7 (Cst)- 
10 Furthermore, the overlapping portion of the pixel electrode 5 and the 

scanning electrode 1 of the stage concerned constitutes a scanning electrode - 
pixel electrode capacitance C^^. 
f=* As shown in Figure 9, the common electrode 4 is provided with a 

Q branched portion 4A. The branched portion 4A opposes the pixel electrode 5 

^ 15 in parallel, and works as a coxmter electrode for applying an electric field to a 
^ liquid crystal layer. The capacitance between the pixel electrode 5 and the 

^ common electrode 4 constitutes a common electrode - pixel electrode 

^ capacitance Qe. The capacitance between the pixel electrode 5 and the 

p common electrode 4 includes both a capacitance via the liquid crystal layer 

nj 20 and a capacitance formed by both electrodes that overlap each other 

^ geometrically. Although it is difELcult to calculate the capacitance via the 

p liquid crystal layer by using a mathematical formvda or the like, it may be 

fU obtained by actual measurement or simulation. 

The thin film transistor 3 is composed of a semiconductor portion 9 
25 and three electrodes. Gate electrodes are connected to the scanning 

electrodes 1, source electrodes are connected to video signal electrodes 2, and 
drain electrodes are connected to pixel electrodes 5. 

Figure 11 shows a circuit configuration of a display apparatus of the 
present embodiment using Hquid crystal in an IPS mode. In Figure 11, a 
30 unit pixel configuration shown in Figure 8 are arranged in an array. The 

scanning electrodes 1 are supphed with power firom a scanning signal driving 
circuit 21, and the video signal electrodes 2 are supplied with power firom a 
video signal driving circuit 22. 

Now, the case will be considered where, in the circuit configuration of 
35 Figure 11, driving is conducted with a waveform as shown in Figure 15 in the 
same way as in the case of the circuit configuration (Figure 13) in the first 
embodiment. When Figure 3 (one pixel is shown in Figure 14) is compared 
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with Figure 11 (one pixel is shown in Figure 8), the capacitance between the 
common electrode (V^Cn)) and the pixel electrode (V^) is C^t in the former case, 
whereas the capacitance between the common electrode (VJja)) and the pixel 
electrode (Va) is Qc in the latter case. Therefore, a formula corresponding to 
the conservation of charge (Formula 11) in the case of Figure 3 is given by the 
following (Formula 39): 

C^(V3^(-) - J + C,.(V.i,(-) - V,(-)) + C.,(V.^(-) - V^ff) 
= C,, (Vao(-) - V^^ + Qe(Vao(-) - V^a) + C^t (Vao(-) - V^^) 
C^(V,i,(-h) - J + Q.(V,^(+) - V.(+)) + C.,(V3,,(+) - V^ff) 
= C^(Vao(+) - V^fi) + Q.(Vao(+) - V^ff) + C3t(Vao(+) - V^^) 

(Formula 39) 

Herein, the following is taken into consideration: when a scanning electrode 
(V^(n)) is selected, a scanning electrode (Vg(n-1)) of the previous stage has 
been selected, and the potential has become Vg^ff- When (Formula 39) is 
modified, (Formula 40) is obtained. 

Vao(-)=V,^(-)-aieAV,(-) 

Vao(+) = V3^(+)-aieAV,(+) 

(Formula 40) 

where AVg^n, AVc(+), and AV^-) are the same as those in (Formula 13), and 
and are represented by (Formula 41): 

a^ = C^/C 

tot 

Ctot — + + Cst 

(Formula 41) 

When the above-me)^oned results are compared with the case 
((Formula 12) to (Formvda 14))iof the circuit configuration in Figure 3, the 
only difference hes in that suffixfes "st" and 'Ic" are opposite. This shows that 
what is described in the Backgroimd Art, (Analysis of the problems of the 
prior art), (Description 1 of the prinomle of the present invention: Principle of 



a reduction in a brightness gradient/flickering), (Principle 2 of the present 
invention: Optimum distribution of p and y), (Supplementary item 1 regarding 
the principle: XLj and A^^), (Supplementary item 2 regarding the principle: 
method for supplAdng a power of scanning electrodes and common electrodes), 
and (Supplementary item 3 regarding the principle: Another circuit 
configuration) is applicable as it is to the case (Figure 11) of the present 
configuration, if C^t (sWage capacitance) -> Ci^, C^t, and a^t -> aic. More 

specifically, it is apparent that predetermined effects such as a reduction in 
flickering and a brightnes^gradient, and the like are obtained in the same 
way as in the circuit in FiguW 3. 

It is understood that, in Figure 11 (and Figure 8), a scanning electrode 
of the previous stage corresponds to the counter electrode (Vf) in Figure 3 (and 
Figure 14), if it is considered that C^t is replaced by Ci^. The scanning 
electrode of the previous stage has a potential Vg^ff in a non-selection state, 
when the scanning electrode of the stage concerned is selected. Therefore, it 
is possible to consider that the scanning electrode of the previous stage is the 
same as the counter electrode in Figure 3. In other words, any electrode 
having the same potential both during a selection period of the scanning 
electrode of the stage concerned and during a retention period can be used as 
a connection destination of 0^^ Such an electrode may be any electrode 
excluding a common electrode opposing a pixel electrode via a display medium 
(hquid crystal: capacitance Ci^ and a scanning electrode of the stage 
concerned. Among them, a scanning electrode (which may be of the 
subsequent stage) excluding the scanning electrode of the stage concerned, or 
a common electrode other than those opposing via is particularly desirable. 

(Embodiments) 

Figure 12 is a plan view showing a pixel layout of a display apparatus 
of the fifth embodiment according to the present invention. In this pixel 
layout, regarding hquid crystal in an IPS mode as ia the fourth embodiment, a 
layout is inverted in the vertical direction on the column basis, in the same 
way as in the second embodiment in which a reduction in horizontal crosstalk 
and a decrease in a voltage of a video signal driving circuit IC are reahzed. 

Figure 13 is a circuit configuration diagram of the display apparatus 
of the fifth embodiment according to the present invention. This corresponds 
to the case where TN Hquid crystal is used (i.e., Figure 5 showing the circuit 
configuration of the second embodiment). 
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When these are compared, it also can be considered that only suf&xes 
"st" and 'Ic'* are replaced. Thus, as described in the second embodiment, the 
efifect of realizing: dot inversion driving or column inversion driving, and a 
decrease in a voltage of a video signal can be obtained. 

5 

(Embodiment 6) 

In the abinye-mentioned fifth embodiment, the effect of an increase in 
ampHtude of a pix^ electrode retention potential is obtained as described in 
JP 5(1993)- 143021 W-th dot inversion driving or column inversion driving in 
' 10 the IPS-t5^e configuration. If this is allowed to proceed further, it is 

apparent that what is oescribed in (Description 1 of the principle of the 
/ present invention: Prinatole of a reduction in a brightness gradient/flickering), 

(Principle 2 of the presentunvention: Optimum distribution of P and y), 
O \jg * (Supplementary item 1 regaa:ding the principle: and A^, (Supplementary 
? J^^5 item 2 regarding the principle: method for suppljdng a power of scanning 
^/ o electrodes and common electrodes), and (Supplementary item 3 regarding the 

^i/) principle: Another circuit configHjation) is adopted as it is, and predetermined 

y effects such as a reduction in fhck>mng, a decrease in a brightness gradient, 

s and the like can be obtained (hereim it may be considered that C^t (storage 

pi 20 capacitance) -> Cie, Cie -> Cst, a^t ^ Furthermore, if the similar 
yk replacement is conducted with respect\o the postscript in the third 

W embodiment, the entire configuration ofthe sixth embodiment is estabhshed. 

Q 

m Hereinafter, other embodiments of the present invention will be 

described. 

25 

(Exemplary configuration in the case where a common electrode potential is 
not controlled) 

The case will be considered where a common electrode potential is not 
controlled, and a constant potential always is supphed. In this case, a 

30 common electrode potential control drcmt is not required. This corresponds 
to the case where Vc(+) = Ve(-) = Veoff in the present invention. According to 
(Formula 19), AV„ = 0 and = 0. In this case, y(0) = y(E) = 0 from (Formula 
25). Therefore, (Formula 29) is not satisfied, and the effect of enhancement 
of a brightness gradient cannot be obtained. However, since P(0) = otga(0), 

35 p(E) = o^dOE) fi'om (Formula 27), it is possible to suppress flickering so as to 
satisfy (Formula 31) i.e., agd(0) < a^(E), 

In particular, the case will be considered where scanning electrodes 
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are supplied with a power from one side, and the potential of common 
electrodes is fixed on both sides (more specifically, a constant voltage is 
suppUed). In this case, a recharge voltage is generated as shown in Figure 
26C. In this manner, a recharge voltage is not increased with distance from 
feeding ends of scanning electrodes, but there is a tendency that a recharge 
voltage has a local maximum value at a certain position, and decreases 
thereafter. Thus, it is desirable that the correction of oi^ should follow this. 
More specifically, for example, in the case where in a portion farthest from 
the feeding ends of scanning electrodes is assumed to be agdCF)? it is desirable 
that there is a position having a value of larger than agd(F) between the 
portion furthest from the feeding ends of the scanning electrodes and the 
portion dose thereto. This also applies to the case where scanning electrodes 
are supphed with a power from one side, and the potential of the common 
electrodes is fixed only on the opposite side, as in Figure 26E. 

(Exemplary driving method with another driving waveform) 

Exemplary voltage waveforms in the driving method of the present 
invention are shown in Figures 6Aand 6B, Figures 7A and 7B, or Figure 15. 
In addition to these, for example, it also is possible to use driving waveforms 
as in Figures 28A, 28B, 29A, and 29B. 

Figures 28A and 28B show driving waveforms in the case of driving 
the circuit with the configuration shown in Figure 3 or 11. In Figure 15, a 
common electrode potential during a retention period is only one value, i.e., 
V^ff; however, in the driving waveforms in Figures 28 A and 28B, a common 
electrode potential during a retention period is not necessarily one kind, and 
has two kinds of values, i.e., Vc(+) and V^,(-), 

Now, the case of the circuit configuration in Figure 3 is considered. 
For example, when a scanning electrode Gi is selected, and pixel electrodes 
are charged with a negative signal (in the case of an odd-nvunber frame in 
Figure 28A), the potential of a common electrode Cj connected via storage 
capacitance is Vc(-); however, the potential becomes Vc(+) during the 
subsequent retention period. Furthermore, when a scanning electrode is 
selected, and a pixel electrode is charged with a positive signal (in the case of 
an even-number frame in Figure 28B), the potential of a common electrode Ci 
is Vc(+); however, it becomes Vc(-) during the subsequent retention period. 
This also appHes to other scanning electrodes, for example, Gq and Gg. 

In this case, when conservation of charge is considered in the same 
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way as described with respect to (Formula 11) in the Background Art, 
(Formula 42) is obtained. 

C^(V3i,(-) - J + C3,(V3i,(-) - Ve(-)) + Cie(V3^(-) - V,) 
= C^(Vao(-) " V^ff) + at(Vao(-) - VX+)) + Qc(Vdo(-) - 
C^(V.^(+) - V^^ + C3,(V3^(+) - V,(+)) + a(V3i,(+) - V,) 
= C,a(Vao(+) - V^^ + C3t(Vao(+) - V,(-)) + C^(Vd,(+) - 

(Formula 42) 

This is the formula obtained by changing V^off of the second term (the term 
including CsJ of the right side to Vc(-) or Ve(+) in the second formula of 
(Formula 11). If the following (Formula 43) is used in place of (Formula 13), 
(Formvila 12) holds as it is. 

AV =V -V ^ 

*-* ' gon * gon ^ gofF 

AV.(+)-V,(-H)-Ve(-) 
AV.(-)=Ve(-)-Ve(+) 

(Formula 43) 

More specifically, \fAVc(+) and AVX-) are read as in (Formula 43), the 
following discussion\lthe principles and the like described in (Analysis of the 
problems of the priorVrt), (Description 1 of the principle of the present 
invention: Principle of \ reduction in a brightness gradient/flickering), 
(Principle 2 of the present invention: Optimum distribution of P and y), 
(Supplementary item 1 regiMrding the principle: V^^ and A^, (Supplementary 
item 2 regarding the principle: method for supplying a power of scanning 
electrodes and common electrodes), (Supplementary item 3 regarding the 
principle: Another circuit configuration), and the hke) are aU apphcable. 

The formula tj^e of (Formula 43) is different firom that of (Formula 
13). However, AVc(+) or AV^-) also is a value of a potential (in this case, Vc(+) 
or Vc(-)) of a common electrode to which storage capacitance is connected, at a 
moment when a pixel is charged, based on a potential (in this case, V^^) in a 
retention state. 

Even in the case using Figure 11, the above description appUes 
similarly if (storage capacitance) -> Cjc Cje -> C^t, a^t aj^. 

Figures 29A and 29B show driving waveforms in the case of driving a 
circuit with the configuration in Figure 5 or 13. These driving waveforms are 
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to be compared with those in Figures 6 A and 6B. Also in this case, a common 
electrode potential during a retention period is not necessarily one kind, and 
has two kinds of values, i.e., Vc(+) and V^C-). 

Now, it is assumed that, in the circuit configuration in Figure 5, for 
example, a scanning electrode Gj is selected, and pixel electrodes belonging to 
a video signal electrode Sj are charged with a positive signal, and pixel 
electrodes belonging to a video signal electrode S2 are charged with a negative 
signal (the case of an odd-number frame in Figure 29 A). In this case, the 
potentials of common electrodes Cq and Ci connected via storage capacitance 
are Ve(+) and V^C-), respectively; however, they are V^,(-) and V^(+), 
respectively, during a retention period. In contrast, when a scanning 
electrode Giis selected, and pixel electrodes belonging to a video signal 
electrode Si are charged with a negative signal, and pixel electrodes belonging 
to a video signal electrode S2 are charged with a positive signal (the case of an 
even-number fi^ame in Figure 29B), the potentials of common electrodes Cq 
and Ci are Ve(-) and Vc(+), respectively; however, they are V^,(+) and Ve(-), 
respectively, during a retention period. This also appHes to other scanning 
electrodes, for example, Gq and G2. 

More spec^cally, regarding any pixel electrode, when it is charged 
with a positive sign^ the potential of a common electrode that is a connection 
destination of storage\apacitance always is VX'^) stnd becomes Vc(-) during a 
retention period. Whenya pixel electrode is charged with a negative signal, 
the potential of a commonvelectrode of a connection destination of storage 
capacitance always is Vc(-) amd becomes Vc(+) during a retention period. 
Therefore, the same conservation of storage as that of (Formula 42) holds, and 
by only reading AVc(+) and AV^O^ as in (Formula 43), what is described in 
(Analysis of the problems of the piaor art), (Description 1 of the piinciple of the 
present invention: Principle of a reduction ia a brightness gradient/flickering), 
(Principle 2 of the present inventionryptimum distribution of P and y), 
(Supplementary item 1 regarding the j^rinciple: V^, and AJ)^ (Supplementary 
item 2 regarding the principle: method for supplying a power of scanning 
electrodes and common electrodes), (SupplWnentary item 3 regarding the 
principle: Another circuit configuration), anasj;he like is aU apphcable. 

In the case of using the driving method in Figures 6 A and 6B, Figures 
7A and 7B, or Figure 15, three potential levels are required in a common 
electrode potential control circuit. However, in the case of the present 
embodiment, only two potential levels are required. Thus, compared with 
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the driving method in Figures 6A and 6B, Figures 7A and 7B, or Figure 15, 
the configuration of the common electrode potential control circuit can be 
simplified, and cost can be reduced. 

(Case where a switching element is formed of a p-channel TFT) 

Hithe)d;o, an n-channel thin film transistor (which is turned on when a 
gate potential iklarger than a threshold voltage, and turned ofif when a gate 
potential is smallter than a threshold voltage) has been assumed as a 
switching elementX However, the above description also apphes to the case of 
a switching element\f a p-channel TFT (which is turned off when a gate 
potential is larger thaii a threshold voltage, and turned on when a gate 
potential is smaller thanv a threshold voltage). What is described in (Analysis 
of the problems of the prior art), (Description 1 of the principle of the present 
invention: Principle of a reduction in a brightness gradient/flickering), 
(Principle 2 of the present iiwention: Optimum distribution of p and y), 
(Supplementary item 1 regarding the principle: and AJ), (Supplementary 
item 2 regarding the principlerViethod for suppljnng a power of scanning 
electrodes and common electrodes), (Supplementary item 3 regarding the 
principle: Another circuit configuration), and the like is all apphcable. This 
is because the relationship formulsNpf conservation of charge of (basic Formula 
11) (or (Formula 42)) holds irrespectWe of whether a switching element is of 
an n-channel type or a p-channel typ\ 

However, it should be noted that, in the case of a p-channel thin film 
transistor, the relationship in magnitude between and Vg^ff generally is 
inverted, compared with the case of an n-channel thin film transistor. Figure 
30 shows a relationship in magnitude of a recharge voltage corresponding to 
Figure 18. Therefore, a relationship in magnitude of a recharge voltage 
corresponding to (Formula 16) is represented by (Formula 44): 

IAV,(0,+)|<|AV,(E,+)| 
IAVi,(0,-)|< |AVb(E,-)l 
IAV,(0,+)|-|AV,(0,-)| 
<|AVb(E,+)|-|AVb(E,-)| 

(Formula 44) 

In the case of a p-channel thin film transistor, a feedthrough voltage 
becomes positive, and a recharge voltage becomes negative. Therefore, in the 
above-mentioned formula, absolute value marks are provided. If the 
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absolute value marks are removed, (Formula 45) is obtained. 

AVt(0,+)>AVt(E,+) 
AV,(0,-)>AV,(E,-) 
AV^(0,+)-AV,(0,-) 
>AV,(E,+)-AVb(E,-) 

(Formula 45) 

When (Formula 45) is compared with (Formula 16), the third formulae 
are the same, whereas the direction of inequahty signs is opposite in the first 
and second formulae. Then, (Formula 2 1) holds as it is, whereas the 
direction of an inequality sign becomes opposite in (Formula 20). 

The conditions for eliminating a brightness gradient and flickering in 
this case will be considered. First, as the condition for eliminating a 
brightness gradient, the same relationship as that of (Formula 29) is obtained 
from (Formula 28) and the third formula of (Formula 45). Furthermore, as 
the condition for eliminating flickering, the right side of (Formula 30) becomes 
negative from the first and second formulae of (Formxila 45). However, AVg^n 
also is negative, and the same relationship as that of (Formula 31) can be 
obtained. More specifically, the condition for eliminating a brightness 
gradient and the condition for ehminating flickering are represented by the 
same formula, irrespective of whether a thin film trginsistor is an n-channel 
type or a p-channel type, and the configuration of the present invention is all 
applicable. 

(Case of the configuration in which a plurahty of hnes are scanned 
simultaneously) 

When hquid crystal is driven, one pixel may be charged twice or more 
in one firame (display period). For example, the following may be conducted: 
a video signal for conducting a black display is written after a video signal is 
written in one frame, whereby blurring with respect to animation is improved 
(generally, after 50 to 99% of a time in one fi:ame has passed after a video 
signal is written, a video signal for conducting a black display often may be 
written). Alternatively, partLcidarly in the case where OCB (optically 
compensated bend)-mode liquid crystal (which also may be called bend 
nematic LCD) is used, a video signal for conducting a black display may be 
written for the purpose of preventing reverse transition. Alternatively, a 
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video signal may be written for the purpose of conducting preliminary 
charging IH to 2H (IH is a horizontal period) before charging of a pixel is 
conducted. 

In these cases, a video signal may be written to a plurality of lines 
simultaneously (more spedfically, the potential of scanning electrodes in a 
plurality of lines is made Vg^^ simultaneously). For example, this 
corresponds to the case where a black signal is written to a plurahty of lines 
simultaneously when a black display is conducted. Alternatively, 
preliminary charging may be conducted simultaneously with main charging of 
the other pixels. 

Even in the above-mentioned cases, if the potential of a common 
electrode to which each scanning electrode, which is to be simultaneously, 
is connected via storage capacitance (for example, in Figure 3, Ci with respect 
to Gi, and with respect to is varied in accordance with the polarity of a 
video signal to be written, the effect of an increase in a signal amphtude can 
be obtained with respect to each writing (charging). Thus, driving without 
inconsistency can be conducted. 

(Supplemental remarks with respect to cost of a driving circuit) 

In the case of the present invention, since it is required to provide a 
scanning signal driving circuit and a common electrode potential control 
circuit (in the case of a general driving method in which the potential of a 
common electrode is kept constant, a common electrode potential control 
circuit is not required), there may be apprehension that cost is increased. 
However, if these driving circuits and pixel switching elements are designed 
on the same layout in the stage of mask layout design, extra processes do not 
result in the course of actual production, so that cost is not increased. In 
order to produce a scanning electrode driving circuit and a common electrode 
potential control circuit in the same substrate together with switching 
elements, it is desirable to use polycrystaUine Si, single crystal Si, or SOI 
(sihcon-on-insulator) type thin film transistor (or MOSFET). The reason for 
this is as follows. In the case of using these semiconductor substrates, either 
a p-channel thin film transistor or an n-channel thin film transistor can be 
produced, so that a degree of fireedom for design of a driving circuit is 
enhanced. 
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(Case of a current driving element) 

An optical state of liquid crystal is controlled with an applied voltage 
(driving with a voltage), whereas an optical state of a self-emitting type diode, 
laser, electroluminescence material generally is controlled with a current 
(driving with a current). However, for example as shown in Figure 31, if a 
pixel configuration is obtained in which a pixel TFT controls a gate potential 
of another auxiliary TFT 25 (also referred to as an auxiliary switching 
element), whereby a current flowing into an organic electroluminescence 
element 24 is controlled, active matrix type driving is made possible. 

In this case, if the portion surrounded by a broken line is dealt with 
collectively, this can be considered as if it is a display medium whose optical 
state is controlled with a voltage. Therefore, the configuration of the present 
invention is applicable. In this case, the sum of a gate - source capacitance 
and a gate - drain capacitance of the auxUiary TFT 25 may be considered to 
beC,,. 

In such an element, it is not necessarily required to apply voltages 
with positive and negative polarities (i.e., a.c. driving) to a gate of the 
auxihary TFT 25. However, even in the case of d.c. driving, when a gate 
potential (potential of a portion represented by Vg(n) in Figure 31) falls, a 
distribution in a display region is caused in the potential due to the 
distribution of a recharge voltage in a display region. The reason for this is 
as follows. For example, when the first and third formulae (or second and 
fourth formulae) among four formulae of (Formula 17) are compared with 
each other, a difference is caused between AVb(0, +) and AV^CE, +), whereby 
the value of Vdo(0, +) is different from the value Vdo(E, +). If a distribution is 
given to a^t or o^^ in a display region so as to shorten the distance between 
Vdo(0, +) and V^oCE, +), a brightness gradient can be ehminated. 

As described above, the effect of eliminatiag a brightness gradient 
cannot be obtained when y = astVcp/2 is a constant value in a display region. 
In other words, by setting the value of y not to be constant in a display region, 
the effect of eliminating a brightness gradient can be obtained. As is 
understood firom the descriptions of (Formula 12) to (Formula 14), y refers to a 
difference in a capadtive coupling voltage superimposed on pixel electrodes 
firom common electrodes between the case where the polarity of a video signal 
is positive and the case where the polarity of a video signal is negative (in 
other words, a difference between the apphcation of a positive voltage to a 
display medium and the apphcation of a negative voltage thereto). More 
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specifically, the following also can be considered: a distribution of a capadtive 
coupling voltage is varied in a display region between the application of a 
positive voltage to a display medium and the appUcation of a negative voltage 
thereto, whereby the effect of eliminating a brightness gradient is obtained. 

Acapacitive coupling voltage superimposed on the pixel electrodes is 
not necessarily from common electrodes. However, in order to adjust the 
potential freely in sjnichronization with the scanning electrodes, it is desirable 
to use common electrodes. 

A method for changing a value in a screen in the present invention 
basically is realized by setting such a layout intentionally (more specifically, 
by setting a design mask figure intentionally). However, even if a design 
mask figure is created as in the prior art (more specifically, layouts of a pixel P 
and a pixel Q are designed to be uniform in a screen without giving a 
difference therebetween), for example, by intentionally shifting mask 
ahgnment in the course of production, the effects of the present invention also 
can be obtained. 

In order to change a capacitance value, it is easiest to change an 
overlapping area of two conductive layers (or semiconductor layers) in a 
capacitance formed by allowing two conductive layers (or semiconductor 
layers) to sandwich an insulating layer. However, the following also may be 
possible: a gap between two conductive layers on a layout is changed by 
utilizing a capacitance caused by two conductive layers (or semiconductor 
layers) that are not overlapped with each other in a plane but are dose to each 
other. Furthermore, it may be possible to vary a capacitance by changing the 
thickness of an insulating layer or changing a dielectric constant in some 
cases. 

In the above, correction of an in-plane distribution of a recharge 
voltage has been described. However, it also is appreciated that flickering 
and a brightness gradient caused by an error in a production process (size 
shift and non-uniformity caused by aUgnment, omission, leaving, and the Uke) 
can be corrected by the same method as that of the present invention. 

In order to correct inconsistency of generation of a recharge voltage on 
the hne basis, caused by a difference in the distance of a wiring portion from a 
scanning signal driving circuit to a screen end portion in respective lines, and 
a recharge voltage difference between the central portion and the upper and 
lower portions, caused by a fixed potential at an upper end or a lower end of 
the coimter electrode particularly in the case of the configuration in Figure 2, 
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ttst and a^d may be changed for each line. 

In the above, the scanning signal driving circuit suppUes a power from 
the upper side. However, it may supply a power from the lower side, or from 
upper and lower sides. Furthermore, the scanning signal driving circuit may 
supply a power alternately to every other column. 

In the above, a scanning signal is supplied &om the left (or right) side, 
and a video signal is supplied from the upper (or lower) side. However, the 
present invention is apphcable to a display apparatus in which a scanning 
signal is supplied from the upper (or lower) side, and a video signal is supplied 
from the left (or right) side. 

In the above-mentioned embodiments, a display apparatus has been 
described, which refers to the entire apparatus including a scanning signal 
driving circuit and a video signal driving circuit. In contrast, a portion at 
least including an array substrate, a counter substrate, and hquid crystal, 
without including a driving circuit, particularly is referred to as a "display 
element". The effects of the present invention can be obtained both in a 
display apparatus and a display element. 

As the hquid crystal, a liquid crystal other than the above-mentioned 
TN hquid crystal and IPS Hquid crystal may be used. YA (vertical aUgnment) 
liquid crystal having relatively high response speed and a high contrast may 
be used. Alternatively, MVA (multi-domain VA) hquid crystal or other hquid 
crystal may be used. For example, TN (twisted nematic) hquid crystal, STN 
(super twisted nematic) hquid crystal, ECB (electric field control 
birefringence) type liquid crystal including VA hquid crystal (vertical 
ahgnment hqxud crystal or homeo tropic hquid crystal), homogeneous 
ahgnment hquid crystal, and the like, bent hquid crystal, IPS (in-plane 
switching) hquid crystal, GH (guest-host) hquid crystal, polymer dispersion 
type hquid crystal, ferroelectric hquid crystal, antiferroelectric hquid crystal, 
OCB hquid crystal, discotic hquid crystal, and other various modes can be 
used. Liquid crystal may be of a normally white type (a transmittance is 
decreased with an increase in an apphed voltage) or a normally black type (a 
transmittance is increased with an increase in an apphed voltage. 
Furthermore, in addition to hqviid crystal, a material whose optical 
characteristics are changed with an apphed voltage may be used. For 
example, electrooptical hquid crystal such as BSO (bismuth sHicon oxide) and 
the hke can be used. Furthermore, an electrochromic material, a self- 
emitting diode, laser, electroluminescence material, and the like may be used. 
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Alternatively, a DMD (deformable mirror device) and the like may be used. 
Since liquid crystal is least expensive, it is desirable to use liquid crystal. 

In the above-mentioned embodiments, a direct-vision type liquid 
crystal display panel has been described mainly. However, the present 
invention also is apphcable to a hquid crystal element (including a 
polycrystalline Si type, a single crystal Si type, SOI (sihcon-on-insulator) tj^e, 
and the like) used in a liquid crystal projector. 

In the first to third embodiments, a display apparatus of a TN type 
configuration (more generally, a configuration in which a pixel electrode and a 
counter electrode form a parallel plate capacitance with a hquid crystal layer 
interposed therebetween) has been described. In the fourth to sixth 
embodiments, a display apparatus with an IPS type configuration (more 
generally, a configuration in which a common electrode and a pixel electrode 
are formed on the same substrate, and hquid crystal is operated with an 
electric field parallel to the substrate) has been described. 

However^ the first to third embodiments, i.e., the unit pixel circuit 
configuration in Figure 14 may be implemented with an IPS type 
configuration. For example, a common electrode (potential Vc(n)) and a 
counter electrode potential Vf) only need to be produced separately on a 
substrate (the coimter electrode may be separated on the line basis or column 
basis). 

FurthermoreV the fourth to sixth embodiments, i.e., the unit pixel 
circuit configuration ui Figure 8 may be implemented with a TN-type 
configuration. In thisVase, a counter electrode formed on a substrate on a 
counter side plays a rolAas a common electrode. Generally, a coimter 
electrode is one electrode Vormed over the entire surface of a display region. 
Therefore, it is required that the potential takes either Vc(+) or VX-) while the 
entire screen is scanned. Ilowever, the effects of the present invention are 
obtained similarly. In this case, V^^ff may be considered to be an average 
value, i.e., [Vc(+) + Ve(-)]/2 (inVhis case, according to (Formula 19), AV^e = 0, so 
that the effect of enhancementW stabihty with time described in 
(Supplementary item 1 regardiiK the principle: V^p and cannot be 
expected). \ 

Needless to say, if a counter electrode is insulated on the line basis 
with a TN-type configuration, the potential of the counter electrode in each 
line can be set separately, and the fourth to sixth embodiments can be 
implemented as they are. 
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As a modified driving method of the present invention, there is a 
method for varying while keeping common electrodes or a counter electrode at 
the same potential, for example, in the unit pixel circuit configuration in 
Figures 8 and 14 (sjnichro gate driving method). For example, in Figure 14, 
in the case where a video signal given by a video signal electrode is positive, a 
coxmter electrode potential Vf and a common electrode potential Vc(n) are set 
to be a first potential, and in the case where the video signal is negative, these 
potentials are set to be a second potential. In this case, the connection 
destinations (more specifically, Ve(n) and Vj) of C^t and Qe ia Figure 14 have 
the same potentials. Therefore, C^t and can be considered merely as a 
parallel capacitance, and C^t + Cj^ can be considered to be equivalent to Ci^ in 
Figure 8 (C^t in Figure 8 may be 0). 

Furthermor^the above-mentioned first potential may be considered 
to be Vc(+), the secona^otential may be considered to be Ve(-), and Veoff may be 
considered to be an aveJ^ge value thereof, i.e., [Vc(+) + Vc(-)]/2 (in this case, 
according to (Formula 19V AV^c = 0, so that the effect of enhancement of 
stability with time described in (Supplementary item 1 regarding the 
principle: Vep and cannoVbe expected). 
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